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Eeport on the Geological Position at Bolton and Laughlin's
Brick-pit, by W. Whitaker, F.R.S., and J. E. Marr, D.Sc, F.R.S.

" In our opinion the Red Crag at Thorington Hall is undis-
turbed in its original position.

"I t is also our opinion that the stone-bed at the base of the
sand in the pit at Messrs. Bolton and Laughlin's brick-yard,
northward of Ipswich, is the undisturbed base of the Red Crag,
and that the sand which overlies this stone-bed in the Eastern
channel shown in that pit is in part decalcified crag, resting
normally on the basement stone-bed.

" It is desirable that fossils should be sought for in this sand,
as, however strong the evidence based on lithological characters
may be (and this evidence can hardly be certain), confirmatory
palseontological evidence would put the matter beyond question.

" There being no evidence of disturbance in beds from the
base of the London Clay downwards, we believe that the various
disturbances affecting the London Clay and the newer deposits
are due to action from above, that is, to ice action, but that no
such disturbance has affected the relative position of the London
Clay, the Crag, and the Glacial Drift.

(Signed) " W. WHITAKER.
"JOHN E. MARR.

"April, 1911."

THE CHRONOLOGY OP THE STONE AGE.

(BY W. ALLEN STUKGE, M.V.O., M.D., F.R.C.P.).

Read at Ipswich, January 13th, igog, and continued at Norwich,
March 22nd, igog.

I.—PRELIMINARY,

The object of this paper is to call attention to certain facts
in connection with flint implements, both Palaeolithic and
Neolithic, which have been hitherto overlooked, and to attempt
to find an explanation for them. This explanation must
inevitably run counter to the generally received opinions of
geologists as to the sequence of events in the Pleistocene period,
and also to a large extent to the views hitherto held by pre-
historic archselogists regarding the Neolithic, and in a less degree
the Palaeolithic ages of man. I therefore approach the task,
not indeed with misgiving, but with a deep sense of the gravity
of the issues involved, and I would ask both geologists and pre-
historic archaeologists to do me the honour of giving their very
careful attention to the matters I am bringing forward ; to put
for the moment on one side any preconceived views on the
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•subject, and to suspend judgment until they have had the
opportunity of examining for themselves the data upon which
my conclusions are founded. These conclusions are the result
•of many years of work and observation. Starting from the
•orthodox standpoint and without any bias whatever against the
generally received opinions as to the ice age of the Northern
hemisphere, I have been, drawn on wholly by the observation
of facts to my present position. As my knowledge of these facts
increased the implications arising from the facts became clearer
and clearer, until it now seems difficult for me to explain them in
any way, which shall differ in principle from that which I am about
to unfold. That there may be faults in detail I am in no way
prepared to deny, and that much more yet remains to be dis-
covered I should be the first to admit. It is largely on this
account that I have hitherto refrained from publishing my
results, but I feel that the time has now come when many minds
should set to work at the great problems involved, minds with a
far higher training in geology and physical geography than I can
lay claim to. No one will welcome more than myself the increase
in knowledge of facts relating to these questions, or the widening
of the reasoning processes brought to bear on them for their
explanation. But it is obvious that for the reasoning to be valid
the facts must be mastered.

My attention was first drawn to the subject about the year 1896.
I had then recently acquired two collections containing large num-
bers of Palaeolithic implements. One was that of Canon Greenwell,
the Palaeolithic implements of which were chiefly from various
gravels in North-west Suffolk. The other, that of the late Mr. Green-
hill, of Clapton, was composed almost exclusively of Palaeolithic
implements from the gravels of North-east "London. In each
collection there were one or two implements labelled " With
glacial striae," such implements being extensively scored over
with scratches. In view of the great hardness of flint and of the
strong resemblance of these scratches to those seen on stones—
generally of less hardness—in deposits of known glacial origin,
it was difficult to assign other than a glacial origin to them.
These highly scored implements were all of a rough kind—large
worked-up flakes rather than highly finished implements. But
the occurrence of these scratched flints led me to examine the
whole series of Palaeolithic implements from the two collections—
some twelve to fifteen hundred in number. I was not a little
surprised to find that not a- few of these implements had well
defined scratchings upon them. Very few were so extensively
scored as those that had attracted the attention of the former
owners of the collections, and when this was the case the imple-
ments were always of a rough kind, principally worked-up flakes
like those already mentioned. But a considerable percentage*

* I have not gone through the large series in my collection to
ascertain the exact percentage, but I should put it roughly at 12 to 15
per cent, for the London gravels and 6 to 8 per cent, for the Suffolk gravels.
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of finer implements from the North-east London gravels, and
a smaller percentage of those from the Suffolk gravels had
scratches on them, some only two or three, some as many as
fifteen to twenty. And these scratches were not on facets that
had become rotten with age, but occurred on facets that to this
day are in perfect preservation, and consequently of extreme
hardness. ,

In view of this great hardness scratches on flint, even when
only two or three are present, are of great significance, and apart
from any question of glaciation would call for the most careful
attention of geologists to explain their meaning and unravel the
episodes in the past history of the flint to which they are due.

Not very long afterwards I was examining a Neolithic
chipped celt. It was of the well-known long and narrow type
found in such numbers on the South Downs and elsewhere. It
was deeply patinated, being covered with the white lustrous
" porcellanous" surface familiar to all collectors, much iron-
moulded. My eye being accustomed to the detection of scratches,
I was much astonished to find that there was a long deep scratch
on one of the facets of the celt—a facet of obviously human origin.
I then examined the series of chipped celts in my collection, and
found one or two others that had scratches. Though much
puzzled by this discovery it took no further shape in my mind at
the time than that of the necessity for caution in the interpreta-
tion of the scratches on the drift implements.

And so the matter remained, until two or three years
afterwards I had the opportunity of acquiring a large number
—some five or six thousand—of the commoner types of Neolithic
flint implements, scrapers, fabricators, etc, that had been collected
from Mildenhall, Icklingham, and other places in North-West
Suffolk, by the late Mr. Simeon Fenton. On examining them I
found that they showed a great variety of patinations, the surfaces
of some being but little changed, whilst in others-the surfaces
were wholly different in colour from the original flint of which
they were made. Many, in addition to change of colour, were
more or less lustred, the lustre being in not a few cases of a very
high order. Another feature that stood out prominently was the-
presence on many of the flints of spots or streaks of iron-moulding.
In common I believe with most observers, I had hitherto looked
upon spots of iron-mould on flints as due to contact with the
plough, or with horse shoes or men's boots. But what struck me
as rather odd was that in these flints the unpatinated ones were
rarely or never iron-moulded, and that the amount of the iron-
moulding varied with the nature of the patina. As the plough,
horse shoes, etc., can scarcely be credited with a selective power,
this fact of the peculiar distribution of the iron-moulding was
evidently one that required further investigation.

But the most unexpected discovery in the process of
examining this large number of surface flints of undoubtedly
Neolithic age, was that a considerable proportion of them showed!
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scratches, definite striae. And these scratches, like the iron-
moulding, were evidently governed by some selective power, for
implements that were unpatinated and unlustred had no trace
of scratching. The same was true of lightly patinated flints.
Deeply patinated flints, or flints that without much change of
colour presented a high degree oi lustre, were nearly all scratched.
Further examination proved that there was more than one
variety of scratching, and that the different varieties of scratch-
ing were associated pretty definitely with certain varieties of
patination.

So interesting were the results of a careful examination of
these flints that I made arrangements whereby I could have a
further supply of humanly worked surface flints from the
neighbourhood from which they had come, and I took the
precaution to have every flint marked with the number given to
the field in which it was found on the 25-inch ordnance maps.
In this way I accumulated many thousands more, each of which
could be accurately referred to the exact position where it had
lain.

To conclude this short retrospect: when looking out for a
house on settling in England after many years abroad I had the
good fortune to secure one in what has proved to be the very
centre of the most prolific area in this very prolific part of the
country from the point of view of the Stone-age. I have therefore
been in a position for nearly two years past to study the curious
problems suggested by an examination of these flints, on the very
place where they are found and with ample leisure.

It is the results thus arrived at that I wish to bring before
geologists and prehistoric archaeologists in the present paper.

I propose to deal with the Palaeolithic and Neolithic periods
in two separate sections, and as what I shall have to say about
the Neolithic period constitutes, so to speak, the crux of the
whole matter round which the greatest controversy may be
waged, I will begin with it.

II.—THE NEOLITHIC PERIOD.

Though many of the facts I am about to bring forward are
true of other parts of England, yet, as my intimate knowledge of
the conditions is confined to Icklingham and its immediate
neighbourhood—North-west Suffolk—I shall, for the purposes of
this paper, deal exclusively with this district.

The neighbourhood of Icklingham is probably one of the
richest in the world for human flint work of the Neolithic age.
Large numbers of very fine implements of all kinds have been
found here during the last half century, and are met with in
most prehistoric collections of importance. Every peasant is
more or less an expert in these things, and school children bring
up their little bags of stones for inspection and purchase.
Although the fine things are no longer turning up in the numbers
prevalent a quarter of a century ago, yet the fields are still very

https://doi.org/10.1017/S0958841800022535
Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. 
Downloaded from https://www.cambridge.org/core. Purdue University Libraries, on 20 Feb 2018 at 08:30:27, subject to the

https://doi.org/10.1017/S0958841800022535
https://www.cambridge.org/core/terms
https://www.cambridge.org/core


47

rich in the rougher implements, just the class of implements
from which most may be learnt of the history of the period.
The number of these in my own collection, found by myself or
others, may be counted by the ten thousand, the great bulk of
which are carefully marked as to the field—often the part of the
field—in which they were found. I mention this to show that
the remarkable results I am bringing forward are not founded
upon evidence of a slight character, but upon a very careful and
extensive investigation. The flint implements lie on the surface
of the soil, which consists of sand of varying depths, averaging
probably from three to fifteen feet, which sand, in its turn, rests
on chalk. The sand is similar to that which covers considerable
areas of North-west Suffolk and South-west Norfolk, the origin of
which seems to be unknown, but which in the main is certainly
not blown sand. Part of the district is at present cultivated,
but a considerable proportion is open warren, with fine grass and
moss, enough to support rabbits but too poor for sheep. This
sort of country is known in Norfolk and Suffolk as " breck-land."*
Neolithic implements occur on both cultivated and uncultivated
land, but there are local peculiarities of distribution to which
further reference will be made presently.

If a large collection of implements, rough and good, from the
neighbourhood of Icklingham be examined, the first thing that
strikes the eye is the great difference in patina of the flints,
corning as they do from the same immediate neighbourhood,
and all off the sand lying above the chalk. A large number will
have undergone little or no change. The humanly-worked
surfaces are black or brown—according to the variety of the
flint, or if this be of the fine translucent chalcedonic variety, not
rare in the district, then the surface will be of the light yellow
" barley-sugar " colour, characteristic of such flint. At the most,
the only change of surface will be a slight degree of lustre just
sufficient to enable the collector to say that the implement is
not of recent " Brandon " make. In other implements from the
same field, perhaps from the same square yard as these unaltered
flints, will be others in which the human surfaces are very
decidedly changed. The black has given place to a thin white
or thin blue, or more often a bluish white, through which one
seems to see the underlying black flint. In others, again, the
white or blue change is much more marked, and the human
surfaces are opaquely covered with this altered colour. In
addition to these colour changes there is almost always some
change of lustre—slight, as a rule, in the slightly patinated
flints, considerable in degree in the more deeply patinated,
and in some of them, more especially in the most deeply
patinated, of a very high order, adding much to the beauty of the
stone.

* For a good description of the " breck-lands," vide the article
on " Breckland Characteristics," by W. G. Clarke, in Transactions of the
Norfolk and Norwich Naturalists' Society, Vol. VIII., pp. 555-578.
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Curiously enough, the rule as to degree of lustre corresponding
to degree of patina, though true enough to be taken as a general
rule, is not universally so; for there is one class of implements
and flakes, met with more especially in certain limited areas,
which although as black as on the day they were made, are also
of the highest degree of lustre. But it almost always happens
that in these black lustrous stones there are other features which
enable us to class them in our rough chronology with stones of
which the surfaces are much altered as to colour; and the
conclusion I have arrived at with regard to lustre is that when
once a flint is highly lustred the lustre acts like a vitreous glaze,
and protects the surface from further change. The amount
therefore of colour-change on such stones will be regulated by
the degree of change they had undergone before they were
subjected to the conditions giving rise to the lustre.

And this leads us to the much-vexed question of the value
of patination in deciding the relative ages of flint implements.
The view that has been held by the predominant school of
prehistoric archoeologists for many years past is that patination
is of little value in this respect. It is impossible in the present
paper to deal exhaustively with the whole question of patination,
which would require an elaborate paper to itself, and about
which we have yet very much to learn. But I affirm, without
any hesitation, that the opinion just referred to is in the main
entirely wrong, and that patination in the majority of cases is of
the utmost value in forming a judgment as to relative age of
humanly-worked flints. In proof,of this statement I need only
refer to the very large number of flint implements that have
been worked by man at two widely-separated intervals. A flint
has been worked into some shape suitable to his needs by a man
at one period; has been abandoned by him at his death, or when
he has done with it. It has then lain on the ground for a
sufficient length of time to become, more or less deeply patinated.
At some subsequent period i t has been picked up by another
man, who though living at a time long posterior to the first
worker, is still in about the same stage of civilization as this first
man; and who reworks the flint to suit his particular needs.
The new work will be quite unpatinated, as the patinated surlace
will be partly removed by the process of chipping the flint into
its new shape. This second man will then abandon the imple-
ment in his turn, and it will again lie on the ground exposed to
patinating influences. When picked up to-day by the collector
some thousands of years after its last user has thrown it aside,
the work of the second period may or may not have undergone
surface change. But in any case the surface change will be
wholly different trom that of the work of the first man, and we
see two well-defined series of surfaces on the same flint, the one
on the facets due to the older man's work and the other on the
facets of the later man's work. This applies both to palseoliths
and to neoliths, though it is perhaps more common in the case of
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the latter. A study of a large number of such doubly patinated
implements, in conjunction with a study of an even larger
number of singly patinated implements is of the greatest service
in helping us to arrive at a good working knowledge of the value
of patina in relation to age. And it is not a difficult matter to
get material for this study. I have in my own collection many
hundreds—probably thousands—of doubly patinated neoliths ;
and some scores of doubly patinated palseoliths both " Drift" and
"Cave." A careful study of such series teaches us many things.
(Plate VIII.)

I now come to the crux of my paper, and would venture to
ask the very special attention both of geologists and archaeologists
to what I am about to say. A merely casual examination of
many of the Neolithic flint implements and flakes found in the
neighbourhood of Icklingham will show that their human surfaces
are not smooth and intact. On the contrary, these human
surfaces are often scored over with scratches, the extremely hard
substance of the flint being cut into as though the implement
had been made of wax rather than flint. One cannot use
terms too strong to emphasize the extraordinary nature of this
phenomenon. If we see some one's initials scratched on plate-
glass we surmise that a diamond ring has been at work. But
you can scratch your name on plate-glass with even an ordinary
variety of flint just as easily as with a diamond. You can
scratch your initials on the chipped surface of an ordinary flint
with a flint of finer variety—a translucent " chalcedonic ' flint.
Yet on the chipped surfaces of implements made of fine
" chalcedonic " flint of this kind you will find scratches scoring
the flint; and you know that, short of corundum or the diamond,
nothing but a quartz crystal or quartzite or tlint of fine quality
will touch such a surface. To anyone who appreciates the
conditions, this widespread scratching of humanly-flaked flints
is a very stagcering phenomenon. Let us look into the matter
a little more closely.

If a series of two or three hundred humanly-worked flints
be gathered from the surface of a single field—and in many of
the fields round Icklingham this can easily be done in a summer's
afternoon—it will be found, as already said, that they present a
variety of patinas; some will be almost unchanged, the others
will present varying degrees of colour different from that of the
newly-chipped flake; and the change of surface will extend to
varying depths into the flint. Let us examine those with the
greatest degree of change, passing into the substance of the
stone so as to give an appreciable thickness to the patinations.
The surface will be seen to be scored over with deep scratches,
some more or less parallel to one another, but more generally
without any striking degree of parallelism—often with a veritable
criss-crossing of the scratches. The number of scratches will
vary, in some cases the surface being extensively torn by them,
in others there may be from half-a-dozen to a dozen. As to size,
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they are large enough to be easily visible on naked eye examina-
tion. Their length varies: it may amount to 1£ to 2 inches if the
surface be large enough to admit of this; more generally they are
shorter, ^ inch to an inch; and they may be even less. They
are very liable to interruption by a slight concavity in the flint,
such as often occurs on chipped surfaces; on the higher part of
the flint they will be deep and broad, lessening as the scratch
advances over the concavity; disappearing altogether at the
lowest part, to reappear again as the surface rises on the further
side. The implements are generally rough, though not a few
scrapers or other definite implements occur; but in any case
there is generally a single-flaked side with its bulb of percussion,
and a reverse side with more flaking and with several " aretes "
between the various flake-surfaces. The scratching is almost
always more marked on the single-flake bulbar side. Scratches
may occur on the opposite side, but they are as a rule much less
conspicuous. This opposite side, however, has its own peculiarity,
which consists in the tearing and more or less destruction of the
aretes, sometimes with a short scratch leading up to the tear.

These flints, having the characteristics of extensive scratch-
ing on the bulbous side and extensive destruction of the aretes
on the other side, form one class—not a very numerous one—
amongst the implements and flakes in our basket. We shall
have been fortunate if we have found eight or ten such in an
afternoon's search. There is another class that is even rarer.
To have found one in the afternoon is all that can be expected.
This variety of implement is always of exceedingly rough make;
sometimes the bulb of percussion is well marked; not infre-
quently it has been knocked away, either in the process of
making the implement or in use. The main peculiarity of the
scratching is that the surfaces of the implement have been so
criss-crossed with striae that it is often almost impossible to put
a pin's-point between the scratches. The surface being of fine
flint, the scratches are very clear and sharply-defined, and
therefore do not destroy it; but so numerous are they that it
would often seem that none of the original unscratched surface
remains. The distinction between this variety of implement
with its scratching and the variety first described is very well
marked. To the trained eye a mere glance, even while the flint
is still lying on the ground, is sufficient to decide with which
variety we are dealing.

The question arises as to which of the two varieties is the
older. There can be no hesitation about this. Mere inspection
is almost enough to settle it; but we get absolute proof from the
fact that a few of the latter variety with their criss-cross striae
have been reworked at a later time, the reworked facets showing
the characteristics of the former variety. The presence on the
same stone of more deeply patinated facets with the extreme
degree of scratching and of less deeply patinated facets with the
lesser degree of scratching, renders doubt impossible as to which
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of the two classes is the older. The older class I call No. 1, the
later No. 2.

When we come to examine a large number of scratched
flints that at first sight may have been grouped under Class 2,
we shall find that although there is a superficial resemblance
between them all, yet that there are a few that have all the
characteristics very much more marked than the others. The
patina on the average is deeper; the scratches larger and more
numerous; more especially are the aretes destroyed in much
greater degree; and the iron-moulding is on the average more
extensive. It seems quite certain that these flints have been
subjected to a greater amount of the destructive forces at work
than have the others. The general facies of the two series is
different. Those that have these characteristics more marked
are for the most part large clumsy flakes, which, however, show
signs of use. The others are better-made flakes with a fair
proportion of well-made implements; I have, indeed, an arrow-
head which would seem to come into this category. This
arrowhead has worked surfaces belonging to three different
periods; the latest is of the natural colour of the flint—sub-
lustrous ; there is an older surface of a spotted blue-white patina;
whilst the main portion of the implement is of the ancient blue
patina, which is shown by the bulk of the No. 2 and No. 3
scratched flints. What is especially interesting is that one of
the facets shows exactly the class of scratches seen on the later
of these two classes I am describing.

There can, I think, be no doubt that we are really dealing
with flints of two different scratched periods, and I have there-
fore called the later of the two Class 3.

I have said that at first sight there is no very marked
difference between the quality of scratching on the flints of my
Classes 2 and 3, nothing so marked as that between that seen on
Class 1 when compared with Classes 2 and 3, or as that seen on
any of these classes and that which I am about to describe, as
occurring in the flints of the later classes.

There is, however, this difference between Classes 2 and 3
when carefully examined with a lens. The scratches on flints of
Class 2 are very largely of the coarse variety, such as might be
produced by hard stones of some size being forced over their
surfaces. On flints which, for other reasons, I should include in
Class 3, it will be seen that although there are still many coarse
scratches, yet there are also very many fine scratches, as though
a brush tipped with diamond dust had been drawn over the
surfaces. There can, I think, be no doubt that these fine
scratches are the result of fine quartz sand being forced over the
surfaces ; and the inference would be that at the time when the
flints of Class 2 were subjected to the conditions that scratched
them, there was less sand in the scratching agent than was the
case when the scratches of Class 3 were produced.
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If Class 3 be really later than Class 2, then the flints of the
latter class would seem likely to have been exposed to the con-
ditions that scratched Class 3, as well as to those of their own
particular period. And probably this was so in some cases ; but
we shall see as we go further into the subject that this is not a
necessary result. It would seem that after the scratching con-
ditions had passed away, stones that had been lying on the
surface often got buried, and were in this way protected from the
action of later returns of the scratching conditions. A few inches
or a foot of earth above them would be sufficient for that purpose;
but this would not prevent them from being brought up by the
plough in recent times, (Plate IX., Figs 1, 3. PlateX.,Figs. 2, 3,5.)

The three classes thus far described by no means include
the whole of the scratched flints in the basket. There is a group
that stands well out by itself. It is largely composed of black or
brown unpatinated flints? with very high lustre. Iron-moulding
is absent or present in only slight degree. When flints belonging
to this class are patinated, the patina is much less highly
developed than in the preceding classes. But the main charac-
teristic to which I would draw attention is the kind of scratching
that is found on these flints. On looking at the bulbar side the
eye is at once struck by the presence of groups of large scratches
with a strong tendency to parallelism ; and in the great majority
of cases unaccompanied by the fine hair-like scratches to which
attention was called in the case of the flints belonging to
Class 3. There is another peculiarity about these scratches.
Many of them are strikingly white in their appearance ; and the
occurrence of these large white parallel scratches on a black
lustrous surface is a remarkable feature which seems to call for
some special explanation. I will defer further treatment of this
problem until a later stage of my paper. On the reverse facetted
side of the implement or flake there may be one or two such
scratches; but here, just as in the classes already dealt with, it
is the bulbar side that has borne the brunt of the scratching
conditions. The aretes on this facetted side are almost always
torn, but in less degree than was the case in flints of Class 3 ;
and very much less than in Classes 2 and 1.

Now, there can be no question whatever that we are here
dealing with something quite different from Classes 1, 2, and 3.
If a series of (gay) a hundred of these black lustrous flints, with
their white parallel scratches, be put alongside of a similar series
of any of the other varieties, it will be at once seen that there is
very little in common between them. When we are dealing with
finished implements in either case the implements of the new
class are more highly finished and more elaborate in make than
those in the earlier classes.

Then the patination or absence of patination is very
characteristic. As I have said, the bulk of the implements and
flakes of my new class are unpatinated, though highly lustrous.
Unpatinated and somewhat lustrous flints occur also in Class 3,
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but in that class the surface shows a large amount of rubbing as
well as scratching, which is absent, or present in only slight
degree in the new class. And then there is the difference in the
quality of scratching. So this category of flints I have called
Class 4. Casual examination is sufficient to show that it follows
Class 3 in point of time; and if further proof be wanted, the
examination of doubly-worked pieces will supply it. (Plate IX.,
Figs. 2, 4; Plate X., Pigs. 1,4; Plate XI.)

Let us now continue the examination of our basket of flints.
We shall find that there are some that come under none of the
categories so far described. A new variety will make itself
evident. These flints for the most part have a thin blue-white
patina. Iron-moulding, as in the last case, is almost or entirely
absent. At first sight the surfaces would appear to be unsci atched,
but examination with a lens shows that this is,not really the case.
We then find that there are one or more groups of fine hair-like
scratches very similar to those described under Class 3. Each
group may be composed of a dozen or twenty scratches all strictly
parallel; but there is no necessary parallelism of one group with
another group. As with the larger scratches in the other varieties,
these fine scratches vary much in length. They may run across
a surface for an inch or more, or they may be less than |-inch
in length; and it often happens with them as with the larger
ones, that their course is interrupted by an irregularity in the
surface of the flint. Like the scratches of the varieties already
dealt with, they are much more frequent and of greater average
length on the bulbar side of a flake or implement, though they
are also met with on the facetted side.

The question arises whether these flints with fine parallel
scratches are older or later than those with large white parallel
scratches. Comparisons of long series of the two varieties will
show that they are clearly defined from one another. The
evidence as to relative age has not been quite so easy to bring-
together as was the case with varieties 1, 2, and 3 ; but I think I
am right in believing that the fine parallel scratches belong to a
later period than the large white parallel scratches. I therefore
call this class No. 5.

There remains a last class of scratched flints to be mentioned.
These consist of flint implements often of a high order of work-
manship, which have one, two, or three rather fine scratches on
their surfaces, generally not of great length, ^inch or less. Taken
by themselves they would not attract attention. But in view of
the remarkable series already described; in view of the extreme
hardness of flint; and in view also of the fact that the vast
majority of fine neolithic implements and of unpatinated and
unlustred flakes dating from the Neolithic period have not the
faintest suggestion of a scratch on any of their surfaces, the
presence of even a single scratch is sufficient to attract attention
and to call for explanation. These slightly-scratched flints are
very numerous in many districts, and they would seem to stand
in a class by themselves. I therefore call them variety No. 6.
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Having separated from our basket of flints all those showing
any kind of striae, what have we left ? There will still remain a
certain proportion of flints with no trace of scratching on them.
Most of these will be flakes with neither patination nor lustre;
a few may have their white or thin blue patina without lustre;
and it we have been lucky in our search there may be two or
three highly-finished implements, scrapers, arrowheads, or other
varieties. The general aspect of these unscratched flints is in
strong contrast to the earlier categories of scratched flints. As
compared with our No. 6 class, the difference in appearance is by
no means so strongly marked, but the No. 6 flints are, as a rule,
more highly lustred than the quite unscratched ones. It must be
borne in mind, however, that some flints really belonging to the
No. 6 class may be unscratched, and will therefore appear in the
unscratched class; for it is obvious that where the total outcome
of scratching only amounts to one small scratch, or two, or three,
there will be certain contemporary flints that may escape alto-
gether, even though exposed to the scratching conditions.

At a rough estimation, what is the proportion in a given find
of humanly-worked flints of scratched to unscratched ? The
answer to this question leads us to a very interesting part of the
subject. This proportion will vary according to the field which
we have chosen for our search. I had begun to suspect that this
was the case before I came to live in the neighbourhood, when
the fields were searched for me vicariously. Each stone being
marked with the number of its field, it became evident after a
time that certain categories of scratching were more frequent
from certain fields than from others. When I came to live in the
neighbourhood, and the various fields were searched by my wife
and myself, the fact of local differences in distribution became
quite evident. In the course of twelve or fifteen months we had
accumulated many thousands of humanly-worked stones—a
number sufficient to form a basis for generalisation. We found
that stones belonging to No. 1, No. 2, and No. 3 classes could only
be found in certain fields, and that it was hopeless to look for
them in other fields, though these might be within a few hundred
yards. No. l's were extraordinarily local. In a space of a few
score of square yards half-a-dozen would be picked up. Outside
this limited area you might hunt over scores of acres and not
find a specimen. As time went on and our experience grew, it
became quite evident that there was some guiding rule with
regard to distribution, and the question arose as to what this rule
is, and what is its meaning. I will try to explain the matter so

' far as I have been able to elucidate it, and for this purpose a
somewhat minute knowledge of the topography is necessary.

This part of East Anglia is essentially a plateau, lying at a
height of about one hundred and eighty feet above sea-level.
The basis of the plateau is chalk, covered for the most part with a
varying depth of sand, but with considerable patches of boulder
clay here and there. To the west the plateau slopes down to the
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flats of Cambridgeshire and the fen district; these flats being
reached about four miles west of Icklingham. The plateau is cut
into by the present river system of this part of the country, the
river running past Icklingham being the Lark, which rises east
of Bury St. Edmund's, runs rather north of west, and then nearly
due west to join the Ouse north of Ely. Its valley in the
neighbourhood of Icklingham is about two miles wide, and the
river here is about 50 feet O.D., so that taking the original
plateau as at 180 feet O.D. the valley has been scooped out to a
depth of 130 feet. In its course the river receives many small
affluent valleys, some of which still act as drains for the district
and carry water, but many of which are now dry and would seem
to have been so through the historic period—probably for a very
much longer time. In the immediate neighbourhood of Ickling-
ham are three such dry valleys running roughly from north to
south and entering the Lark valley on the right bank. These
three valleys consist of two larger ones with a smaller lying
between them. The larger ones are somewhat curved and split
at their upper ends, some two to three miles from their points of
junction with the main valley into several subsidiary valleys which
pass down from the plateau and form the gathering-grounds for
the waters which formerly ran down them. Their width at half
the distance from their sources to the main valley is about half-a-
mile. They have the ordinary characteristics of water-made
valleys, a gathering-ground of several little valleys spread out
like a fan ; gradual increase of width as they pass down to the
main valley ; and a fine-curved sweep as they approach the latter
in the direction of the river's course. The smaller valley in the
middle is quite different in its characteristics. It is about a mile
long, of uniform width—some seven hundred yards—from its
start to its finish. The starting-point of the valley on the plateau
is not marked by any fan-shaped smaller gathering valleys; it
runs perfectly straight with no attempt at a curve, and enters the
main valley at a right angle. The depth of the valley increases
as it passes from the plateau to the Lark level, the valley bottom
being a gentle slope dropping in the mile of its course from
170 O.D. to about 50 O.D. This smaller central valley is
separated from the larger side valleys by two ridges which are
continuous with the plateau, being, in fact, the portions of the
plateau left untouched when the three valleys were scooped out.
These ridges are some three hundred yards wide, and as they pass
southwards they merge into the sides of the Lark valley and slope
gradually down to the river. (Plate XII.)

It is these ridges and the small central valley between them
that constitute the chief area in which are found the flints
belonging to the Classes 1, 2, and 3 in the above enumeration;
that is to say those with the most numerous and the deepest
scratches. On both ridges large numbers of humanly-worked flints
of the No. 2 and b varieties have been found. The significance
of this fact will, I think, be at once apparent when it is under-
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PLATE Xii.
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Map of the neighbourhood of Icklingham, showing the
gravel-topped ridge (Warren Hill, High Lodge, Portway Hill,
Maid's Cross Hill, Lakenheath); also the three valleys described
in connection with the striated neoliths.
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stood that these ridges are part of the old plateau; are practically
of the same height as the existing plateau ; are therefore within
a very few feet of being the highest ground in the neighbourhood;
and that the scratches must, therefore have been produced by
some factor not associated with a descent of the flints from a
higher to a lower level. If we walk along the western ridge
northwards towards the main plateau these scratched flints
disappear as soon as we ha%7e reached a position in line with the
starting-point of our little central valley from the plateau. If we
walk south towards the Lark valley we equally find that the Nos.
2 and 3 scratched flints disappear or become very rare as soon as
we begin to drop down into that valley. If we walk westwards
from the ridge we drop down into the westerly valley bordering
the ridge and again the Nos. 2 and 3 flints disappear. If on the
contrary we walk eastwards and descend the slope of the small
central valley the No. 2 flints are as numerous as on the ridge,
and continue so to the bottom of the valley.

And what is true of the Western ridge, is equally true of the
Eastern, and mutatis mutandis the same account applies.

Our varieties, 4, 5, and 6, are also found in large numbers in
the area just described. They are not, however, confined to it,
but extend over the neighbouring plateaus, down the slopes of
the side valleys, and up the opposite slopes. In the lowest parts
of the side valleys varieties 4 and 5 are rare.

I have made no special mention of variety 1. These
implements are rare everywhere. They occur in small numbers
in the ridge and central valley area, but are not found on the
plateau or in the side valleys. They occur in even greater
numbers in certain outlying areas, but into this I do not propose
to go, as the problems connected with them, though of great
interest, are extremely complicated.

Now this curious distribution of the very sharply-defined
Nos. 2 and 3 groups of scratched human flints calls for explana-
tion. No one could become familiar with the ground without
being struck with the sharp contrast in the aspect of the flints of
human workmanship in this ridge and central valley area and
that of the worked flints from all the surrounding areas. What
does it mean ? I will postpone a full answer to the question
until a later stage of my paper; but I may here say that it seems
to be a question of drainage. At one time all three valleys, the
small central one and the two side ones, acted as drains to carry
off water from the neighbouring plateau. As the valleys
deepened, the two side ones became predominant as water
carriers, and the centre valley assumed an altogether subordinate
position. Thus, stones lying on the surface and belonging to a
given period got swept away in the gathering areas of the two
side valleys, whilst similar stones lying on the ridges or in the
central valley were protected from the rush of waters and have
remained in those situations to this day.
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Before passing on to speak of the Palaeolithic period, it will
be well to sum up the noteworthy features of the humanly-
worked neolithic flints of the Icklingham district of Suffolk.
The description applies to those found in many other districts,
though each part of the country will no doubt have to be studied
on its own account.

1. PATINATION.—In this district I assert, with much con-
fidence, that deep patination connotes great age. I have already
referred to the multiple proofs of this in the very large numbers
of doubly patinated implements which are found here.
The later work can in no case be less than some thousands of
years old; for most, probably all, of the implements with fine
and elaborate chipping must date back to pre-bronze times. In
the larger number of these implements with two periods of work
the later work is unpatinated ; the four or five thousand years of
exposure to wind and weather have been insufficient to produce
any perceptible change of surface. The older work is generally
deeply patinated. What then must have been the time necessary
to have caused this deep patination ? It may be argued that the
conditions may have changed rapidly, and that the earlier work
was exposed to conditions causing rapid patination, which
have not recurred since the later work was done. This, however,
is scarcely conceivable ; for there is nothing that points to any
noteworthy change of meteorological or other conditions within
the last few thousand years. There seems to me to be no escape
from the conclusion that these doubly-worked implements point
to the necessity of a lapse of time, measurable in 'tens of
thousands, probably scores of thousands of years to produce
the deep patinations present on so many of the human neoliths
in the district.

2. LUSTRE.—Humanly-worked flints differ widely in the
degree of lustre on the surface. Some of them are lustred in a
quite remarkable way, and shine like a piece of highly-polished
marble. Others are almost devoid of lustre; though any flint
that has been exposed for some thousands of years gets a slight
lustre, sufficient to distinguish it from a recently chipped flint
Sometimes the flint that is highly lustrous is also deeply
patinated ; not unfrequently the lustred surface is black. These
black unpatinated lustrous flakes have almost always some other
sign about them pointing to very considerable age, considerable,
that is to say, as compared with the few thousand years since the
end of the Neolithic period. It is generally said that lustre is
due to blown sand. A very large experience of flints from our
sandy districts in Suffolk, and also of flints from the Egyptian
deserts, enables me to say with confidence that this is not the
case. To produce fine lustre, two things are necessary, sand
and water; running water with sand in suspension ; or very
shallow water with sandy bottom, where the sand and the
water are washed over the flints by the action of the
wind. It would seem almost certain that these conditions
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have not been present in our district for a very long time, and
lustre on flints may be taken to connote considerable relative
age in Neolithic chronology. Lustre may therefore be added to
patina as a great help in determining the age of Neolithic
implements. The question arises, why are all lustrous flints not
patinated if they are relatively old? The answer, as I have
already said, is that when once a surface is lustred it undergoes
no further colour change. The colour of the lustrpd flint,
therefore, depends upon whether the flint was patinated or not
patinated before exposure to lustre-producing conditions. In the
former case the patinated surface, hitherto dull, becomes
lustrous; in the latter, the flint retains its pristine blackness, or
whatever its original colour may have been.

3. SCRATCHES.—I have already said enough about this very
remarkable phenomenon to make it unnecessary to refer to it
here in any detail. The explanation of the different varieties of
scratching I leave to a later stage of my paper, when I shall
endeavour to show what the meaning of the scratching is.

4. TEARING OF THE ARETES BETWEEN THE DIFFERENT FACETS
OF A WORKED FLINT.—This is almost as remarkable a
phenomenon as the scratches themselves. All the humanly-
worked flints that show deep scratching have the aretes between
their facets more or less torn; in certain cases this tearing is
extensive, and very little of the original ar&tes is left. When an
implement has been made by chipping one side only, the bulbar
side being left intact, the scratches are chiefly on the bulbar
side ; but the other side with facets shows this destruction of the
aretes. This is especially the case in the varieties of scratching
called Nos. 1 and 2. In the other varieties the tearing of the
aretes is generally on a much smaller scale, and in No. 6 it may
be almost absent, though it is in such cases rare to find it quite
absent. In unscratched flints the aretes are perfectly sharp, and
without any signs of damage. In the more elaborate imple-
ments that have been worked up on both sides, the aretes may
be badly damaged on both sides and yet there may be very
little scratching. In not a few cases, more especially in flints
with the later varieties of scratching, the aretes may be a
little rounded and with slight signs of natural (not artificial)
polishing.

5. IRONMOULDINQ.—This is a very important element in
judging of the relative ages of neolithic flints in this and in many
other districts. The spots and streaks of ironmould on Neolithic
flints are familiar to all those who are in the habit of handling
them. They are usually attributed to the contact of iron in the
shape of horse-shoes, agricultural implements, and the nails in
men's boots. But these modern opportunities for contact with
iron have very little to do with the ironmoulding in question.
Abundant proofs could be given for this assertion; but I need
here only mention the fact that on the fields in my own neigh-
bourhood it is only the flints which have other signs of great
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relative age that show ironmoulding; and the degree of iron-
moulding varies in direct proportion to the degree of age implied
by the general character of the flint surface. Thus, the deeply-
patinated, lustrous flints with scratches of the varieties 1 and 2
are in the great majority of cases spotted all over with iron-marks;
flints with the variety 3 are less so; while those of varieties 4, 5,
and 6 are but slightly, if at all, ironmoulded. Unpatinated,
unlustrous flints from the same fields never show a trace of the
yellow iron-stains. Of course, a boot, or horse-shoe, or plough
coming into contact with a flint will leave a mark behind it; but
these marks are quite different from the large splotches of stain
on, or the yellow lines across, the surface of the implement, which
all collectors know. It is quite certain that the ironmoulding
was produced by some condition which came to an end long
before the Neolithic period drew to its close. . As to its cause, it
has been suggested to me that the ironmoulding may have been
brought about by iron-pyrites out of the chalk. When the chalk
became disintegrated as the result of specially destructive forces
the nodules of iron pyrites that it contained would lie about on
the surface. The pyrites, under the influence of rain and other
agencies—the acid resulting from rotting vegetation for instance
—would gradually dissolve, staining any objects in its neighbour-
hood ; but after a more or less prolonged period it would disappear
altogether and the phenomenon of iron-staining would come to an
end. Ironmoulding of flints is therefore another of the facts that
come to our aid in judging of relative age. It may probably be
necessary to make a special study for each given district, as each
district may have its own age-factor in this respect. But I believe
We may safely assert that the very extensive iron-moulding of
the rough Celts and other implements found on the South Downs
of Sussex; at Spiennes in Belgium; in the department of the
Yonne in France, and in many places in Suftolk, connotes great
relative age.

With the help of these five characteristics we have it in our
power to throw some sort of perspective into Neolithic chronology,
which has hitherto presented little more than a flat surface to
our gaze. And the perspective thus indicated is one of immense
length; on a scale wholly different from anything that has
hitherto been attributed to it. The base line runs into scores of
thousands rather than into mere thousands of years. When
dealing with the causation of scratches I shall hope to arrive
at a more accurate estimate of the exact time that this stage
of civilization lasted.

III. PALAEOLITHIC PERIOD.
Having dealt with the main facts relating to Neolithic

implements in the neighbourhood of Icklingham, I propose to
pass on to those of the Palaeolithic Age. After describing these
I shall be in a position to attempt an explanation of the facts
taken as a whole.
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Everyone familiar with prehistoric archaeology will be aware
that the Paloeolithic Age is somewhat sharply divided into two
great divisions, the " Drift " and the "Cave." The " Drift " owes
its name to the circumstance that in North-west Europe, at any
rate, the implements belonging to this period are found in
gravels, either in the valleys of still existing rivers like the
Thames; or along the course of old rivers that have long
disappeared ; or perhaps independent of any river system past
or present. The " Cave " period is so-called because it is in caves
of various countries, but more especially of France, that remains
of this age have been found. In consequence of superpositions
in cave deposits of the remains of various stages of development
of human culture, it has been possible to divide the Cave period
into many sub-periods. But in the case of Drift deposits there
has been much greater difficulty in doing this; and hitherto
there has been little attempt to assign relative age to the various
implements that have been found. The French archaeologists
have, it is true, adopted rather by accident than design, a rough
method of division of the Gravel period into an older one called
the Chelleen, frpm the gravel deposits at Chelles in the depart-
ment of Seine et Marne, a few miles east of Paris ; and a newer
one called the Acheuleen from the gravel pits at St. Ached, in
the Valley of the Somme near Amiens. This division is however
very far from satisfactory, and is not accepted by all French
prehistorians. The subject is an extremely difficult one. By
the very nature of their origin gravels are little more than
rubbish heaps, into which everything of any age prior to their
formation may have been swept; and hence, so far as human
implements are concerned, there may be found lying side by side,
implements made and used by the inhabitants in the period just
preceding the flood conditions to which the gravels are due ; and
implements made by men at an indefinitely earlier period ; with
those also of all intermediate stages. What this may mean in
point of time we have hitherto had no means of measuring; but
it will be evident that we shall not help our knowledge by calling
the whole of this varied congeries Chelle'en or Acheuleen; or
even by going so far as to say that of the implements from a
given gravel some are of the one period and some of the other.
At this early stage of human development we are not much
helped by differences in the make of the implements. It seems
pretty clear that the further we go back the slower did chanpes
take place ; and that when we get back as far as the civilization
represented by the Drift man, vast periods of time may have
passed in which improvements in the kinds of implement and
in their methods of manufacture were so slight that it is difficult
by mere inspection to say which were the earlier and which the
later.

I think it is not sufficiently appreciated what an extra-
ordinary thing it is that the implements of the Drift period shall,
with few exceptions, be found in gravels. It means that at the
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time when the gravels were formed, conditions existed wholly
different from anything that has obtained since. That this was
so is evident from the fact that gravels are not found containing
implements of the Cave period. Not on one only, but as it
would appear on several occasions during the long course of the
civilizations (if such they may be called) represented by Drift
implements, the surface of the earth must have been swept clean
of all the stones lying on it, and this over very large areas; for
were the sweeping of the surface not of the most complete kind,
we must have found implements of these types lying about in
the places where their owners had dropped them. Yet it is very
exceptional to thus find them ; and the exceptions go to prove
the rule, for the only instances where this occurs are on high
ridges or ridged plateaux, on which, owing to the conformation of
the ground, it was impossible for any great rush of water to take
place. This is seen on the North and South Downs of Southern
England, and on certain of the plateaux of Central France.

Thus we must postulate for the Drift period, conditions as
to floods which have never recurred since ; and examination
will show that these conditions must have occurred not once
only, but several, perhaps many times. Thus, taking the Thames
Valley gravels, it was pointed out by Mr. Worthington Smith that
the gravels of North-east London shew several strata. Lying on
the London Clay is a gravel averaging about three feet thick,
which contains implements of Drift type. Over this is a gravel
clearly distinguishable from it, six or eight feet in thickness,
and also containing Drift implements of similar types. On the
top of this comes the remarkable " palaeolithic floor " described
by him and by Mr. Flaxman Spurrell as occurring not only in
North-east London, but in various parts of the Thames Valley
and on both sides of the Thames. On this floor were found
implements lying where their makers had left them; and
elsewhere the flakes that had been knocked off in process of
manufacture, forming little heaps. These flakes they have
succeeded in fitting together again, one very remakable synthesis
of this kind built up by Mr. Spurrell being, with others also due
to him, in the Natural History Museum. The possibility of thus
fitting together the flakes lying in this stratum proves to
demonstration that they and all the implements in the stratum
have never been moved. They were buried where they lay in
sand and brick-earth, which in their turn were covered over by
later gravels, these also containing implements. Patches only of
the " floor"' remain, considerable areas of it having been broken
up and carried away when these later gravels were washed over
them. Yet the implements of this floor and the implements in
the later gravels are of definitely " drift" types, and do not
differ materially from the implements of the lower strata of gravels.

And now as to the time involved in this series of events. I
think we may best obtain some notion of the relative time
occupied by the drift phase of human development by a com-
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parison of the Thames Valley gravels with certain gravels [in
North-west Suffolk. For this purpose I will take a series of
gravels lying in an isolated ridge which runs from a point about
two miles East of Mildenhall, following a direction nearly due
North and ending about half-a-mile East of the village of
Lakenheath. (Plates XII. and XIII.)

From this point, which is about six miles from its
Southern extremity it slopes down into the valley of the Little
Ouse river and disappears. The ridge is not now continuous,
but is cut into four portions by small valleys that traverse it at
right angles. At the spot which now marks the Southern
boundary of the ridge it has been cut through by the river Lark,
here about two miles wide. The Lark valley runs at right angles
to the direction of the ridge and separates it from the higher
ground to the South in the neighbourhood of Newmarket. At
its Northern extremity the ridge has been, as already mentioned,
cut through by the Little Ouse. The height of the ridge is about
120 feet above ordnance datum, the surrounding country being,
as a rule, not more than from 20 to 40 feet above the same
datum. At its Southern end the ridge slopes slightly down
towards the valley of the Lark, so that the final little escarpment
looking into the valley is not more than about 80 feet above O.D.,
and some 50 feet above the level of the valley. The ridge is
capped throughout with Palaeolithic gravels, containing large
numbers of " drift" implements. Now when these gravels were
laid down what is now the ridge must have been a valley in which
a river, belonging to a totally different system from that of the
present drainage of the district, must have run. The Western
boundary of that river has totally disappeared, for the ridge
passes down on its Western side into the flats of Cambridgeshire
and the fens. On its Eastern side it is cut off from the main
plateau of North-west Suffolk by a valley now dry, which forms
one of the affluents of the river Lark, which, as we have seen,
has cut its way at right angles through the ridge. The richest
of all the gravels in ''drift" implements of human workmanship
lies at the extreme Southern end of the ridge, which, as just
mentioned, lies at a less elevation than the main ridge. The
upper layers of this gravel would seem to have been washed
away when the Lark Valley was in its initial stages of excavation,
and the gravels that now remain must be the lower portion only
of the gravels that were originally there. The remaining gravels
are those well known to collectors as the Warren Hill gravels.
They teem with '; drift" implements. Considerably over one
thousand specimens have already been found in them, and large
numbers still doubtless await discovery. The implements found
in the Warren Hill gravels belong to many types, but it is very
remarkable that the great majority of these types are different
from the types of implement from the gravels of the Thames
Valley. The type that prevails in these latter gravels from
Wallingford or even higher up the river to the Nore are
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mostly based upon the pointed form; ovate implements are
comparatively rare, and when present are, more or less, thick and
somewhat clumsy in form. At Warren Hill the pointed form
is scarce, and the vast majority of the implements are ovate,
most of them thin and of fine workmanship. The difference in
the types from these two districts, the valley of the Thames
and Warren Hill, is so very marked that it is quite clear that we
are dealing with one of two things. Either the inhabitants of
the two districts were contemporary, but used totally different
classes of implements, or we are dealing with two different
periods. There can, I think, be no hesitation in ascribing the
difference to the latter rather than the former cause. In the
first place there are several gravel deposits within a very few
miles of Warren Hill which contain implements of Thames
Valley types in large numbers, and which do not contain the
sharp ovate implements so characteristic of Warren Hill and
its allied gravels ; and in the next place the Warren Hill ovates
are met with in many other parts of England, of France, of
Europe, and of the world. Thus, they occur at Farnham, Surrey;
in the Broom Pit, near Axminster, Devon; at Abbeville, and
at St. Acheul, in the Somme Valley; on the plateaux of Dordogne;
on the deserts of Egypt, especially near Luxor; and in Somaliland.
Sharp ovates from these places resemble so closely those from
Warren Hill that, except for differences in the quality of the
flint and in the patination due to this fact and to the different
conditions to which they have been exposed, it would be
impossible to distinguish the one series from the other.

Having thus arrived at the conclusion that the ovates of
Warren Hill date from a period which is not represented in the
Thames Valley, let us look a little more closely at the Warren
Hill types and ascertain what we can learn from them. The
ovates vary very greatly in their surface characteristics; some of
them are deeply patinated; some of them are altogether without
any change of surface, and as fresh as the day they were made;
some of them are rolled until the aretes have almost disappeared
and the implement has become "pebbled"; others have the
edges of the aretes as sharp as though made yesterday; and both
in patination and in the effects of rolling there are many inter-
mediate degrees of surface change. Then again, there are some
implements which show re-working at a later stage—double
patination. In these the earlier work may be patinated and with
the edges more or less rounded; whilst the later work maybe
quite fresh and without any signs of water-wear.

This latter point leads us directly to the important question
already noted in connection with neoliths, viz., the value of
patination as a sign of age in palseoliths. It is usual to attribute
the changes in colour in palagoliths which we call patination to
staining during their long residence in the gravels in which they
are found, by water containing iron or other mineral ingredients
in solution. I think I shall be able to show that this explanation
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is entirely erroneous. I go so far as to say that except under
very special conditions of great rarity flints do not undergo change
of colour after they have once become imbedded in the gravel in
which they are found. The first fact I would adduce in proof of
this is that in all the gravels with which I am personally
acquainted—and they are not a few—the changes of colour seen
on the palaeolithic implements are comparatively rare amongst
the flints of all kinds of which the gravels are made up. These
flints are for the most part dull white or grey, often black and
unchanged. The number of them that have undergone the yellow,
ochreous, reddish-brown, or "fine lustrous white changes so indi-
cative of human implements from the gravel is very small,
probably in most gravels not 1 per cent. Yet if staining conditions
were present in the gravels, all the flints in the gravel ought to
have undergone the same change. The mere presence of many
flints, some of whose facets at any rate are as black as if just
broken, makes it practically certain that uo change of colour
takes place in the flints after they are once buried in the gravel.

But the Warren Hill implements give us evidence more
immediately conclusive as regards their own patination. A
certain proportion of them—perhaps some 10 per cent.—present
the remarkable peculiarity of being differently patinated on the
two sides of the ovate. In well-marked examples one side will
be of a fine lustrous white, whilst the other side is jet black ; or
one side may be white and the other yellow, brown, or of that
curious speckled blue and brown so well known to collectors as a
characteristic patina of Warren Hill implements. Now it would
be quite impossible for this difference of patination to occur in
the gravels, for in them both sides must have been exposed to
identical conditions. It must mean that the implement lay for
a long period—probably for a very long period—with one side
exposed and the other protected. The condition is frequently
seen in the case of implements that for countless ages have been
lying on the surface of the desert in Egypt. In the case of these
Egyptian stones the deep patination would seem to be due to the
prolonged action of the sun's heat and light. The stones having
lain undisturbed through all these ages, the upper-side has
patinated whilst the under-side has undergone but little change.
(Plate XIV.)

Then there is another peculiarity seen in an even larger
proportion of the implements from Warren Hill. All round the
edges chips have been taken off at some time subsequent to the
formation of the patina on the surface, and the facets arising
from the chipping in a very large proportion of cases have under-
gone a white porcellanous change, in most cases quite different
from the original patination of the implement. It is quite
evident that this chipping cannot have taken place since the
implements were washed into their present positions in the
existing gravel; for though the deposit at Warren Hill is called
a "gravel," it is in reality more like a sand-heap with enclosed
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stones. The stones do not lie closely together as in the majority
of gravels, and there is therefore much less chance of their
chipping one another than in gravels which show no signs of this
chipping process. This chipping therefore cannot have happened
later than during the flood conditions that formed the gravels.
There is therefore clear proof that the older patina of the
general surface of the implements had already been produced
before the implements got into the gravels. For several reasons
it is practically certain that this later chipping is itself older than
this. There can be no doubt that the chipping is due to natural
and not to human causes. Therefore after the formation of the
original patina these implements must have been subjected to
some violent action which chipped them in the way descrihed;
and a period then ensued during which they lay exposed for a
time long enough to produce the white porcellanous patina on
the newer chips, before they were finally washed down into their
present positions. (Plate XV.)

These Warren Hill ovate palaeos thus tell us a tale involving
a vast lapse of time. In the first place they differ so much from
one another in degree of patination, and in degree of destruction
of surface from rolling, that mere inspection of a long series of
them suggests that the individual pieces must vary greatly in
age. And of those that are patinated we get clear proof that the
patina was there before they reached the gravel. A study of
neoliths will have led us to the conclusion that fine lustrous
patinas are of very slow formation. Yet the oldest of neoliths
never has a patina at all comparable with a well-patinated
palseolith. We can thus predicate a great age for the paleeolith
before it reached the gravel; an age which in the case of the
chipped ovates just mentioned would seem to be increased by
the probability that not only one but two patinations had been
successively formed on the same stone before it had reached the
gravel.

And yet, astonishing as are the lapses of time adumbrated
by the study of the Warren Hill ovates, we have some reason to
believe, as already pointed out, that this class of implement
represents one only of a series of periods which together make
up the " Drift" Age of palaeolithic man, for the sharp ovate is
practically unrepresented in the Thames Vallpy. There, as we
have seen, we get one stratum over another of " Drift " man, the
strata being separated from one another by more or less long
periods. Yet in none of these strata do we find the sharp ovate.
I have between two and three thousand drift implements from the
Thames Valley in my collection ; and I have only one sharp
ovate amongst them. This ovate, moreover, is quite different
in patina from the general run of Thames Valley pieces, and
stands by itself not only for shape but for surface condition.
Then again, as regards the patination of the Thames Valley
pieces we are forced to the same conclusion as in the case of the
Warren Hill stones, that the patination took place before the
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flints were washed into the gravel. For although a difference of
patina on the two sides of an implement is much less often seen
in the Thames gravel than at Warren Hill; and although the
chipping round the edges is very rarely present in the Thames
implements; yet we have the phenomenon of double patination,
of human workmanship at two periods, to help us. Re-worked
stones are by no means rare in the Thames gravel; and in such
stones the later work is frequently patinated in only slight
degree, whilst the earlier work is deeply patinated. If the
patination had taken place in the gravel there should be no
difference in the colour change on the work of the two periods.

Thus, then, we arrive at two vast periods of the " Drift "
Age: that represented by the Thames Valley, and that repre-
sented by Warren Hill; and it is quite certain that these do not
exhaust the list. It would not be difficult to show that there are
yet other periods, not represented in either of these localities.
Space, however, will not permit of my arguing this point further.

A word as to the priority of the Thames Valley period to that
of Warren Hill. I think there can be no doubt that the Thames
Valley gravels are older than those of Warren Hill. There are a
few implements of Thames Valley types in the Warren Hill
gravels; and judging by their patination and general appearance
they would seem to be definitely older than the typical ovate of
the same gravels. Moreover there are gravels in North-West
Suffolk and the adjoining parts of Norfolk which contain
implements of Thames Valley types only. The general surface
conditions of these indicate a much greater age than the Warren
Hill ovates. To prove the question we ought to show two gravels
one above the other, with the Thames Valley types in the lower
stratum and Warren Hill types in the upper. This is difficult to
do, as the mere passage of one gravel tumultuously over another
is apt to destroy the lower one and mix the products together,
making a general rubbish heap lower down the river. I think,
however, there is a possibility that we may get the necessary
evidence in time. In Miss Layard's excavations near Ipswich
there was a layer of brick-earth containing very beautiful
specimens of sharp ovates, unrolled and unpatinated, overlying a
gravel containing rolled and patinated implements of more or
less Thames Valley types.

The next problem to be faced is to see whether we can get
some sort of base line to enable us to judge of the kind of period
we are dealing with. Is it tens of thousands of years, or hundreds
of thousands of years, or even millions of years? I hope in the
sequel to be able to suggest an answer to this question. Here I
will confine myself to a description of a feature in the local
topography which is, to say the least, very suggestive.

I have described the Warren Hill gravel as one of several
gravels lying on a ridge running from South to North, which ridge
has been cut through at right angles by the river Lark, whose
valley, here two miles wide, separates the southerly end of the
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ridge—where the Warren Hill gravels lie—from the high ground
to the South, of which the ridge is probably a continuation. If
we walk along the ridge North from the Warren Hill pit, we reach
at a distance of a mile a spot where on the Western slope of the
ridge a pit has been dug for the purpose of getting at a deposit of
brick-earth. The excavation for this brick-earth has been carried
to a depth of thirty feet without reaching bottom. A point of
the utmost interest is that lying in this brick-earth are humanly-
made implements, in no degree resembling those in any of the
gravels on the top of the ridge; but on the other hand identical
in their types with the implements from the cave of Le Moustier
in Dordogne, which has given its name to the phase of civilization
so well known to all prehistorians as the Mousterian period.

These Mousterian implements at High Lodge (the name of
the pit in question) have evidently not been moved from the
place where they were made. They are most of them as fresh as
the day they were made—many of them so entirely unaltered in
surface owing to their having been embedded in the brick-earth,
soon after having been abandoned by their makers and users—
that it is difficult for archaeologists not knowing the conditions
to believe that they are not of modern fabrication. In this
comparatively small patch of brick-earth, moreover, not only have
some scores of typical implements been found, but large numbers
also of flakes having the same surface peculiarities, and obviously
knocked off in the process of manufacture. The implements and
flakes have been found, as far as I can ascertain by cross-
examining the old workman who did most of the digging,
throughout the brick-earth, and not at any special level. Thus
Mousterian Man lived on this spot throughout the whole period
during which the brick-earth was being accumulated, driven
away doubtless from time to time when the district was flooded,
to return again when the waters subsided.

Let us now look at the implications of this discovery of
Mousterian implements. They are deep on the Western slope of
our ridge, and on this slope Mousterian Man lived. Therefore
between the time that the gravels on the top of the ridge were
laid down in the then existing valley, and the time when
Mousterian Man arrived, the whole of the Western side of that
valley had been swept away. There is now no ground so high as
the ridge on its Western side for many miles, for the ridge slopes
down to the West into the great plains of Cambridge and the fen
country. Therefore an expanse of country, many miles in width,
must have been denuded away between the laying down of the
gravels and the coming of Mousterian Man. Yet we have seen
that the implements in the Warren Hill gravels show undoubted
signs of great age—probably of very great age when they were
deposited there. What, then, must have been the period that
elapsed between the making of these implements and the making
of the High Lodge Mousterian implements ? It was shown further
that these typical Warren Hill implements came into being after
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the close of the vast periods required for the Thames Valley
gravels and their contained implements. The whole sequence
taken together warns us that we are dealing with time on a very
large scale.

I now come to the most remarkable feature of the High
Lodge deposit. In digging down to get at the brick earth on the
slope of the ridge, the workmen found that they had to pass
through a layer of gravel several feet thick before they came to
the clay. This gravel contained very considerable numbers of
" drift" implements, for the most part deeply patinated and of
the same types as the sharp ovates of Warren Hill. This was a
very noteworthy discovery, and one well calculated to puzzle
both geologist and archaeologist. Not only was there super-
position of typical patinated Drift implements to typical
Mousterian implements, but the Drift gravel lay not on the top
but on the side of the hill into which the old valley had become
converted. Gravels are found right along the ridge, but they in
every other case are placed, as they ought to be, on the top of
the ridge. What could the explanation of this curious state of
things be ? The answer to this question is, I think, compara-
tively simple, and of very great interest and importance.

When first speaking of the ridge, I said that it is not now
continuous, but between its Southernmost part at Warren Hill
and its most Northerly point at Lakenheath it is divided into
four parts by transverse valleys, which pass through it at right
angles from East to West. The ridge has attained its present
form by the excavation of a valley now about half a mile wide,
and running from North to S.outh on its Eastern side, which
valley has cut it off from the plateau on which the village of
Elveden lies. This North and South valley is one of the affluents
of the river Lark, though the valley is now quite dry. The little
transverse valleys which have cut across the ridge and interfered
with its continuity, pass from this North and South valley
through the ridge and out on to the Cambridge plain and the
fens. These transverse valleys are not of the same size ; the
most Southerly, which lies about a mile North of the High Lodge
position, is about 100 to 150 yards wide at its lowest part; the
next, which is about a mile further North, is about one-third of a
mile wide at its lowest part; whilst the third valley a mile still
further north, is much wider again, not much less than a mile.
The old water courses can be clearly seen in all these valleys,
though they are at present dry at all seasons of the year, and
causeways carried across them have no culverts or preparations of
any sort for the passage of water.

It is evident that the Lark valley, the North and South
valley just referred to, and the three little East and West
valleys which cut the ridge into sections all belong to one
drainage system, which has come into being long posterior to the
laying down of the gravels on the ridge. This might be proved
in several ways, but the proposition must be so evident to
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everyone that it is unnecessary to go into these reasons in detail.
It is, however, necessary to refer in detail to the curious disposi-
tion of the North and South valley and the three transverse
valleys cutting through the ridge; for at first sight it is not quite
easy to see why, if the water in the North and South valley had
a free outlet into the valley of the Lark, it should have forced its
way in these three places through the ridge. There can, I think,
be little doubt as to what took place.

When the present drainage system of the district was being
made, including the Lark Valley, vast quantities of water were
pouring away from the higher lands—the plateau of Elveden and
elsewhere. This water was making new outlets for itself in all
directions. What is now the ridge was then connected with the
plateau to the East, and water was pouring over this as over all
the other grounds in the neighbourhood. Gradually valleys
would begin to form, and the main rush of the water would
pass through them. One such valley would be the North and
South Valley here described, which would begin to cut its way
back from the Lark. But while this process of cutting back was
going on the water further North would still have to find its way
into the lower ground, and thus these transverse valleys
would be made. One after another, however, as the North and
South valley cut its way back, these transverse valleys would be
tapped; and this is evidently what happened. The most
Southerly was tapped when it had attained a bottom width of
150 yards; the next one after it had attained a width of one-
third of a mile; whilst the most Northerly had reached a
width bordering on a mile before it and the North and South
valley combined.

My first impression was that the explanation of the extra-
ordinary phenomenon presented to us at High Lodge, of gravel
rich in Drift Implements overlying a brick-earth equally rich
in Mousterian Implements, which have evidently not been
moved since they were abandoned by the men who made them,
was to be looked for in an application of the above-described
water action, that in fact the gravels were washed over the brick-
earth by water that was beginning to wear a channel similar to
those described, but that the North and South channel had cut
its way back sufficiently to intercept the incipient valley before
the water forming it had had time to do more than to displace
the gravels from the top to the side of the little escarpment which
formed the Western side of what is now the ridge. There were
difficulties, it is true, in the way of this explanation, but it
was not until I had the advantage of visiting the position with
Professor Sollas, F.R.S., that what would seem to be the true
explanation presented itself. Professor Sollas after carefully
examining these overlying gravels, said that he ielt sure they had
been pushed there by the action of ice and not run there by the
action of water. Apart from the great weight of his opinion in
a matter of this kind, this view really fits in with the conditions
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present far better than the water theory, as will be seen when I
describe one of the outstanding features of the position. On the
very top of the ridge, just where the gravels are usually present
there is at High Lodge a mass of chalky boulder clay, three to
four hundred feet in its East and West diameter. The depth
and the North and South diameters had not then been ascertained.
The evidence newly acquired that I am about to give would show
that the North and South diameter is roughly about three
hundred yards. This mass of boulder clay, which is now
partially exposed in a pit dug on the North side of the Mildenhall
and Thetford road, lies immediately to the East of the gravel-
brick-earth position described above. The boulder-clay is marked
on the Geological Ordnance Map. Now, the presence of this
boulder-clay on what seems to be unquestionably a ridge of
gravels built up in post-boulder clay times had always been a
great puzzle to me, as I know it had been to professed Geologists
who were familiar with the position. Professor Sollas's remark,
made altogether independently of any consideration of the boulder-
clay, that the gravel overlying the Mousterian brick-earth on the
side of the hill had been pushed there by ice, at once threw a
flood of light on the boulder-clay difficulty. The boulder-clay,
as is often the case in East Anglia, had been detached by ice
from the main body, which lies about three miles to the East,
had been carried down before the North and South valley that
now separates the ridge from the plateau of Elvedeahad been
formed, had struck against the frozen gravels of what is now the
ridge—had pushed a portion of these gravels over on to the top
of the brick-earth, and had then become anchored in the position
where it now lies.

A most remarkable confirmation of this hypothesis has quite
recently come to hand. Some few years ago the brickmakers
who had been digging the Mousterian brick-earth discovered that
right on the top of the ridge, at a point about 350 yards north of
the road, and consequently about the same distance from the
boulder-clay pit, was another patch of the same rich " buttery '
brick-earth just below the surface, As it was so much easier to
dig this than to go through the gravels that covered their old
pit, they ceased to dig at the latter, and devoted themselves to
their new find. For some time all went well. Their pit, which
was about forty feet in its East and West diameter, yielded noth-
ing but fine brick-earth, in which were humanly-worked flakes
strongly resembling those from the neighbouring Mousterian pit,
though no definitely-worked " racloirs " or " pointes " were found.
I myself, however, took out a very noble " core " of quite different
type from those associated with the making of long narrow flakes;
but on the other hand shewing all the signs of the manufacture
of just such flakes as Mousterian man converted into " racloirs "
and " pointes," of which flakes a good many had been found in the
brick-earth.

About two years ago things began to go less smoothly with
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the diggers. The brick-earth seemed intercalated with a stoney
deposit that seemed to interdigitate with it from the South, so
that the men said that in following the brick-earth towards the
South, and thus in the direction ot the mass of boulder-clay
(which was the line they were following) they alternately got eood
brick-earth and bad stuff that was no good, the breadth of the
respective tongues being about three to four feet, the tongues
being vertically arranged and reaching up to the surface. Finally
within the last twelve months, instead of cutting the southern
face of the pit regularly backwards, as had hitherto been their
custom, the men have taken to following up'the seam of brick-
earth so that the alternating stony tongues can be removed in
one operation, and the work be thus simplified. This is the
present position at the pit, and a very surprising state of things
is shown. Within a space of three or four yards there are three
separate deposits ; rich buttery brick-earth; a much-contorted
gravel closely resembling the gravel lower down the hill—that
Overlying the Mousterian brick-earth ; and chalky boulder-clay
that has undergone change by oxidisation, resembling the top
boulder-clay in the pit by the road, where the same change is
seen. From the brick-earth have come Mousterian-like flakes
entirely unpatinated and unchanged, as fresh as the day they
were made; from the gravel have come eight or nine drift
implements and several drift flakes, all patinated, some deeply
so, the condition of the flint and the patinas being strictly
comparable with the drift implements from the gravels lower
down the hill; whilst from the boulder-clay has come a much-
striated erratic, weighing about 10 lbs., of (?) cornbrash from
Lincolnshire. We seem therefore to be justified in concluding
that we are here at the very edge of the mass of chalky boulder-
clay brought over from Elveden by the ice of this post-Mousterian
glacier; and that we here see the crushing effects produced by it
on the drift gravels of the ridge, the force produced by the
impact of the boulder-clay mass at its outside edge being
insufficient to force the gravels down the hill as had been the
case where the main body of the boulder-clay met the gravels.
This interpretation is borne out by the interesting fact that all
the more delicate drift implements from this contorted gravel are
extensively and jaggedly broken, the absence of patinas on the
broken surfaces showing that the breaks took place after they had
arrived in the gravels. This is in strong contrast to the pieces
from the gravel lower down the hill, the gravel here having
travelled " en bloc" before the advancing mass of boulder-clay.

The importance of this extraordinary state of things at High
Lodge can scarcely be over-estimated whether from the geological
or the prehistoric point of view. First we have the laying down
of the gravels in a valley, and the gradual filling up of the valley,
the gravel being of very considerable depth. Then the western
side of the valley disappears by denudation, and the top level of
the valley deposits becomes the edge of the escarpment which
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forms the western boundary of the Elveden Plateau.* Then
Mousterian man settles himself on the slope of this escarpment
and makes his implements. Little by little his living-place is
encroached upon by the aqueous conditions which gave rise to
the brick-earth. Still he lives on and makes his implements until
finally driven away by the rise of the waters, which ultimately
overtopped the highest point of the ridge, as we see from the
patch of brick-earth in the upper pit. At some subsequent
period occurred the very considerable glaciationt which brought
over the mass of boulder-clay to which we owe the inverted
position of the drift gravels and the Mousterian brick-earth lower
down the hill; as well as the triple combination in the space of
a few yards in the upper pit of chalky boulder-clay with erratics,
gravels with " drift " implements, and brick-earth with Mousterian
flakes. The melting of this great glacier gave rise to the Lark
river system, and inaugurated the present geographical regime of
this part of the country.

Let us go back once more to the Drift stones from the
Warren Hill gravels. If a large series of these be examined, it
will be found that a certain number of them are scratched, much
as the Neolithic stones from the neighbourhood of the small
central valley at Icklingham are scratched. The scratches on the
Drift stones are, however, on the average longer and deeper than
those on the neoliths. As we saw was the case with the neoliths,
so here with the palseoliths, there is more than one variety of
scratched implement. The most striking in this respect is a
series of implements of great roughness of make and generally
formed out of a large flake, the bulbar side of which is left intact
without secondary chipping. In neoliths it is the bulbar side
that comes in for the brunt of the scratching action ; and the
same is true of palseoliths, for it is in the bulbar side of these
rough flake implements that the bulk of the striation is seen.
This class of implement is not numerous in the Warren Hill
gravels; but whenever one comes across a deeply-patinated
much-battered flake implement it will generally be found that the
bulbar side is more or less extensively scored over with striae.
When we are dealing with more finely-formed implements the
strise are much less marked, though there is a certain class of

* It is an interesting question as to whether this extensive denudation
took place during the course of the later Drift period, or whether it was
at the very end of that period, and just before Mousterian man appeared
on the scene. One important piece of evidence lias come to my knowledge
which points to the former conclusion ; but before publishing it I am
waiting to see whether further confirmatory evidence is forthcoming.

t It would be of equal interest to know whether this glaciation took
place immediately after Mousterian time, or at some later period, eg.,
between the Magdalenian and Neolithic Ages. Here also evidence is
coming to hand which seems to point to the former conclusion. I abstain
for the present from attempting any correlation of these glaciations with
those described by geologists in other countries'. Those who are familiar
with the work of Penek, Rutot, Obermaier, and others, will however
probably detect in what is written above some suggestive points in this
connection.
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implement on which a few striae are generally seen. The thin,
sharp ovate, so characteristic of Warren Hill, rarely, if ever,
shows any striae at all.

And what I have just said of Warren Hill implements applies
also to those from the Thames Valley. Here, again, we meet
with the clumsy, roughly-made implement with bulbar surface
left intact; and these flake implements are generally striated
more or less extensively. Here, again, there is a certain class of
implement that is striated in much less degree; and here, again,
there is a class of finely-worked implement that shows no
striation at all.

It is less easy in implements from gravels to judge of the
conditions of the aretes as to bruising and tearing, than in
surface stones. The mere fact of their being in gravel implies a
certain amount of knocking about against one another which
may have damaged the aretes. Nevertheless, there can be no
doubt that the more scratched stones have extensively-damaged
aretes ; and that stores which show no signs of scratching have
their aretes practically uninjured. It is true that a stone may
occasionally have undergone such an extensive degree of rolling
in its progress to the gravel that the aretes may be rounded until
they may be almost unrecognisable ; but this rounding of aretes
is a different thing from the tearing of aretes of which I am
speaking.

Thus far I have attempted to give the facts which a certain
amount of intensive study of a small district has enabled me to
bring together. I propose now to attempt to give some explana-
tion of what these facts would seem to imply. In doing this I
shall be led by what seems to me to be irresistible logic to con-
clusions that differ very widely from the views that have up to
now been held by geologists of the nature of the glacial periods
of Pleistocene time.

Before passing to the more theoretical side of the subject I
will briefly sum up the facts on which I base my argument.

1.—The presence near Icklingham, on the surface of the
ground, of humanly-worked flints whose humanly-made facets
are scratched in such a way that if found under other circum-
stances they would be pronounced to be of glacial origin. Many
of these scratched • flints are on the highest ground of the
neighbourhood and most of the rest are in a shallow valley a
few feet only below the highest ground. Most of the flints are of
fine quality, with surfaces so hard that nothing but flints of equal
or finer quality or quartz will scratch them.

2.—Hnmanly-worked flints from the surface with scratches
upon them can be divided certainly into five and probably into
six distinct categories ; the class of scratching belonging to each
category being clearly defined ; each class of scratching, more-
over, being associated with special varieties of patination, of
lustre, of ironmoulding, and of bruising or destruction of the
aretes between the different facets.
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3.—In a large number of instances these surface flints enow
two periods of workmanship on the same flint; each period of
workmanship being characterised by the patina that has formed
on each surfece respectively since the time that the work of each
period was done. In many cases these differently patinated
surfaces show the scratchings, lustre, iron-moulding, and changes
in the aretes characteristic of the period which each such patina
represents. The presence on the same stone of all the special
points indicative of the two periods is of great service in judging
of relative age.

4.—The special formation of the little valley in which, and
on the boundary ridges of which, the scratched flints from the
surface are chiefly found. I pointed out that this valley, about a
mile in length, passes flush from the plateau with a V-shaped
beginning, with no sign of gathering ground, no sign of the
circus-like formation in which most valleys take their origin. It
starts about half-a-mile wide and continues of the same width
throughout, entering the main valley at a right angle after a
course that is perfectly straight. The sides of the valley slope
gradually down from the boundary ridges to the centre My
experience in these matters is not very large, but the structure of
this valley is unlike that of any other that I have had the
opportunity of examining.

These are the main facts bearing on the Neolithic problems
I am about to attack. Those bearing on the Palaeolithic are as
follows:—

1.—The remarkable fact that with very few exceptions which
are in most, if not all, cases capable of being easily explained, all
implements of " Drift " types not only in England, but in France,
and even in countries further south, are found in gravels. These
gravels have been formed either in valleys of existing rivers or
not unfrequently of rivers that have no relationship to the
present drainage systems of the country, and that have altogether
disappeared. No implements of later types than those associated
with the " Drift " period, no implements, that is to say of "Cave "
types, are found in gravels. Thus a state of things existed and
certainly recurred many times at that period of the world's
history which came to an end about the time when " Drift" man
ceased to represent the human race on the earth's surface.

2.—The fact that different gravels contain different types of
implement with different types of patination. Not only is this
true of gravels at a considerable distance from one another, as
those in the valley of the Thames and those on the ridge in
Suffolk, which I have described, but it is also true of gravels in
the same neighbourhood, as, for instance, the Warren Hill gravel,
and the gravel at Shrub Hill in South-West Norfolk, which are
only separated from one another by a distance of about 15 miles.

3.—That both in the Thames valley gravels and in the
Suffolk gravels a certain number of the implements are scratched
and that the most scratched implements in both series of gravels
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form a group by themselves, easily distinguishable in type from
the great mass of implements from the same gravels, that are
only slightly scratched or not scratched at all.

4.—Implements with two periods of work on them with
resulting separate types of patination occur in considerable
numbers in the gravels of both the Thames valley and of
Suffolk.

5.—That there is clear and irrefragable evidence that the
patination of practically the whole of the implements in the
great Warren Hill gravel was attained before the implements
reached their present position in the gravel. The evidence is
equally clear in the case of doubly-patinated implements in the
Thames Valley gravels, and it is very difficult to resist the con-
clusion that, contrary to the opinion at present generally held,
all Palaeolithic patinations were obtained prior to the formation
of the gravels in which the implements are found.

6.—That judging from the analogy of the length of time
required to produce fine lustrous patination in neoliths, as proved
by the very numerous Neolithic Implements showing two periods
of workmanship, the length of time required to produce the
PalEeolithic patinations, which in the vast majority of cases go
far beyond anything ever seen in the most ancient Neoliths,
must have been very great. As we have seen, in many, if not in
all cases, this great lapse of time preceded the conditions which
led to the formation of the gravels in which the implements are
found.

7.—There is clear evidence that the Western side of the
valley in which were deposited the gravels now capping the
ridge in North-West Suffolk was entirely denuded away between
the time when the gravels were deposited and the coming of
Mousterian Man.

8.—The whole river system represented by the Lark and its
affluents came into being after the formation of the gravels, and
more exactly after the time of Mousterian Man ; for in the first
place the valley of the Lark cuts through the gravel-bearing
ridge at right angles, and in the next place one of the effects of
the working out of the system of valleys which now form the
Lark drainage, was to tilt a deposit, of gravel from the top of the
ridge on to the top of the brick-earth in which Mousterian Man's
remains were buried. This would have been impossible after the
North and South valley had been made, which now separates the
ridge from the Elveden plateau.

Let us now proceed to the conclusions to be drawn from
these facts.

First, as to the scratches on the Neolithic flint implements.
The recognition of these is a matter of the very first importance.
It is impossible to find language too strong to express my sense
of the evidential value of such scratches. It is not on a few
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flints only that they are seen. Scratched flints occur in thousands,
and all flints with certain types of patination are scratched.
Moreover, the scratched surfaces are not covered with rotten
chalk-like patina, but for the most part are composed of fine
chalcodonic flint, one of the hardest substances in nature, if we
leave out of account the diamond, corundum, and quartz itself.

Whence came the scratches ?
The only solution that my geological friends have been able

to suggest is that there must have been some earth creeping, and
that one hard flint has scratched another hard flint in the
process. But this explanation is put out of court at once by the
fact that a large number of the scratched human implements
and flakes have been found on the two ridges on a level with the
two plateaus that form the highest ground in the neighbourhood.
And most of the orhers are found in the small shallow valley,
the sides of which have a fall of about 1 in 40. There are other
reasons that prevent our accepting this solution, but the one I
have given is quite sufficient for the purpose.

The true explanation must accord with the fact that on the
highest ground of the neighbourhood a substance, as hard as or
harder than the hardest flint, has been dragged over other flints
under pressure. And this not once or twice over an occasional
flint, but to judge by the relationship of patination to scratching,
the process must have affected every flint that found itself on
the surface in a given time over wide areas. I have been
thinking over the subject for years; I have talked the matter
over with scientific friends ; I have taken geologists of repute
over the ground; and no solution but that of ice-action seems to
explain the phenomenon. Since these implements were made
there has been at least one ice-sheet over the country, which has
obeyed the laws of glacial action, has advanced by slow
degrees over the country, picking up stones in its course and
dragging them along with it. When such stones were quartzites
or hard flints, they in passing over flints frozen into the surface
of the ground with surfaces exposed will have marked their
passage by the productionof striae on the underlying flint, or on
the other hand may themselves have been marked by this other
flint according as the upper or the nether stone happened to be
the hardest.

I am perfectly aware of the gravity of this conclusion. It
means that since human implements of Neolithic types—some
few of them with partially polished surfaces—were made, climatic
conditions have occurred such as to cause an accumulation of
ice worthy to be classed under the name of a glacial period. To
admit this is to revolutionize all the views on glacial geology
that have hitherto obtained. Are we, justified in doing this
on the evidence ? Well, facts are facts, and must be boldly
faced. By all means let us examine them with the greatest care.
I expect and wish for the keenest criticism. I ask no one to
accept so grave a proposition on my authority. But I do ask
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that in all explanations that may be offered the conditions of
the problem shall be adhered to ; that, for instance, earth creep
shall not be insisted upon where it is perfectly obvious that no
earth creep can have taken place.

Having made these few remarks I will now proceed to lay
before my readers my own interpretation of the writing on the
flints and my explanation of what I believe to have taken
place.

Since Neolithic man came to Britain there has been an Ice
Age. This Ice Age was not continuous, but was divided up into
sub-periods of glaciation separated from one another by peiiods
during which ice was absent; and this alternation recurred
several times, five at least, and probably six. The proof of such
alternation lies in the presence on the same areas of humanly-
worked flints with their humanly-made surfaces presenting
sharply-defined types of scratching. Each type of scratching is
associated with its special types of patination, its special types of
injury to the aretes, its special degrees of iron-moulding, and, to
a certain extent, its special type of implement. There are also
special types of lustre, though it may be said generally that all
scratched flints are more or less lustrous, most unscratched flints
being nearly devoid of lustre.

I will once more briefly sum up the characteristics of the five
(or six) varieties of scratched flints of human workmanship, of
Neolithic age, foundon the surface of the ground in the situations
already described.

CLASS I.—Flints with very extensive scratching. The
scratches show no sign of parallelism, but are criss-crossed over
the flint in every direction. Their colour is the same as that of
the flint. The aretes are extensively torn or entirely destroyed.
Iron-moulding very marked. Type of implement extremely rude
and indicative of the class. They are comparatively rare.

CLASS II.—The scratches are large and deep and generally
patinated like the rest of the flint. Much less numerous than in
Class I. Aretes torn but not destroyed. Iron-moulding well-
marked but less in degree than in Class I. Large scrapeis occur
and polishing by human agency first appears. Palination very
deep, blue being the predominant colour. More numerous than
Class I. in proportion perhaps of six to one.

CLASS III —Characteristics the same as in Class II., but leFs
in degree. A larger variety of well-made implements is met with.
Javelin-heads appear, and one arrow-head in my collection can
be referred to this period. Ratio of frequency compared with
Class II. about four to one.

CLASS IV.—Implements and flakes of very fine, black, lustrous
flint, and some of white and blue patination less in degree than
that seen in the earlier classes. Scratches large and many of
them very white, standing out very clearly on the surfaces of the
flint. There is a greater tendency to parallelism than in the
earlier classes. Iron-moulding much less marked. Type of
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implement shows great advance over those of Class II., and some
improvement over those of Class III. The whiteness of the
scratches requires explanation, and I propose to speak of them
later.

CLASS V.—In these the coarse scratching is absent, its place
being taken by groups of fine parallel scratches. These fine
parallel scratches, fine etching on the hard surface of the flint,
can only be ascribed to the passage cf fine quartz grains, line
sand in fact, under considerable pressure. It is a very remarkable
phenomenon, and I shall refer to it again. The flints on which
they occur are of characteristic patina. There is little damage
to the arStes; ironmoulding is slight or may be absent; and
lustre is rarely a marked feature. Flints belonging to Classes
IV. and V. are fairly numerous; and the ratio between the two
classes is roughly one of equality.

CLASS VI.—This is represented by a very numerous class of
implements and flakes found over a wide area. Scratches few
and far between; generally fine, but not in groups. Aretes
almost or quite uninjured; ironmoulding generally quite absent;
patination thin and comparatively slight, or it may be absent;
lustre always present and may be considerable. The types of
implement phow considerable advance, and arrow-heads are met
with, both leaf-shaped and barbed and tanged. It may be
thought that too much importance is attached to the presence of
a few fine scratches ; but in view of the extreme hardness of flint,
a single fine scratch is worthy of remark and obliges us to ask
how it got there. These flints, with one, two, or three fine
scratches seem to point to a last effort of the scratch-producing
conditions, and to wind up in a remarkable way the series through
which we have been tracing these remarkable phenomena.

After this come the vast number of the unscratched Neolithic
flints, with clean untouched surfaces, aretes as sharp as the day
they were made, complete absence of iron-moulding, and patina-
tion either absent or of type quite different from those of at any
rate the earlier classes of scratched flints. Patination may be
present, but there is generally almost complete absence of lustre.

If recurrent glaciation of the country is responsible for the
varying scratches of the flints, have we any criterion as to the
length of time involved ? When did the glaciation begin ; what
were the intervals between the periods, and when^did the last
glaciation end ?

Some sort of base-line may be obtained by finding out
whether the time that has elapsed since the last of the ice-sheets
disappeared, is to be measured by thousands or tens of thousands
of years. Fortunately we have a means of doing this by reference
to the large number of implements which have been worked at
two periods of time ; where the work of each period is indicated
by difference of patination ; but where neither patination shows
the slightest sign of exposure to glacial action. Doubly patinated
implements may show every variety of contrast between the
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earlier and the later work. Scratched implements of No. 1
period may have been re-worked in No. 2 or any subsequent
period, and so on for all the various classes above enumerated.
But the,commonest combination of all—I have many hundreds
of such pieces in my own collection—is for an implement of early
post-glacial time to have been re-worked in late Neolithic time.
In such cases the later work is generally quite tree from any
colour change of the surface ; the work looks as though it might
have been done yesterday. The earlier work, on the contrary, is
generally patinated, though, as I explained before, these post-
glacial patinations are quite different from those of the earlier
classes of scratched flints, Nos. 1, 2, and 3; and somewhat
different from those of Classes 4 and 5. Now the later work,
which is often highly skilled, cannot have been done at a later
time than the early Bronze Age ; in the great majority of cases it
is practically certain that it dates back to late Neolithic times.
In any case, therefore, we have a minimum of four thousand
years for the period that has elapsed since it was executed. If
on a given flint therefore four thousand years has been insufficient
to cause any colour change, what period must have been required
to produce on the same flint the patination that is present on the
older work ? The question is a perfectly fair one, and the con-
clusion to be drawn is also perfectly fair, viz., that if the time
that has elapsed since the later work is measured in thousands
of years, the time that has elapsed since the earlier work must
be represented by tens of thousands of years. It is not open to
objectors to say that the quality of the flint has something to do
with it, for the difference of patination has taken place on the
same identical flint. Neither is it open to them to say that
there may have been differences of external conditions, for if we
postulate a short period of time between the earlier and the later
work whence can we obtain any such difference of climatic or
other conditions as may have produced such markedly different
results on the flint ? Nor can the question of some local
peculiarity come in, for I have these doubly patinated flints
from many parts of the British Isles, from many parts of the
Continent of Europe, from Egypt, and from America, No, there
is no getting away from the conclusion that in a flint implement
presenting marked differences of patination on human work of
two periods, the difference of degree in patination is a direct
measure of the length of time that has elapsed since the work
was done; and that where, as is so often the case, the later work
four, five, or six thousand years old, has little or no sign of
colour change, the earlier work with very marked colour change
must be attributed to a period forty, fifty, or sixty thousand
years ago at the very least.

The implication then is that work was done by man on flints
fifty, sixty, perhaps eighty thousand years ago, which lias not
been subjected to glacial action, and therefore that the last
glaciation must be dated back at least as far as that.
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Applying the argument to the length of time that must
have elapsed between the different phases of the glacial period
represented by the various classes of scratched flints, we are
driven to the conclusion that this interval of time must also
have been measurable in terms of tens of thousands of years.
For each class is differentiated from the earlier ones, not only by
the number and quality of scratches, but by depth and intensity
of patina. Examination of our doubly patinated flints, as shown
above, has proved the very great slowness with which colour
change is produced on flints of fine quality. Therefore the
greater intensity of patina on the earlier classes of scratched
flints as compared with the later classes; the difference of the
average patina of each class as compared with the class before
and the class after; shows that we are dealing with periods of the
order ten thousand, rather than of the order a thousand, in
terms of years.

We find, therefore, that there is every reason to believe that
the periods of recurrent glaciation came to an end some scores of
thousands of years ago; and that the recurrent periods were
separated from one another by lengths of time, which have to be
measured by a unit of ten thousand rather than of a thousand
years.

But there is a further point to consider, viz.: the severity
of the recurrent glaciations. This can be gauged by the amount
of scratching and of other damage done to the implements and
flints of the various classes. The scratching of flints of No. 1
class is on the average far more extensive than that on any other
class, and the change to the aretes is in proportion to it. The
scratching in No. 2 class is on the average greater than that
on No. 3, and not only greater but different in quality from that
on flints of classes 4, 5, and 6. The scratches on flints of class 4
have the special peculiarity of being white in comparison with
those of the earlier classes, which are of the same colour and
patina as the rest of the flint surface. What does this whiteness
mean ? It is a very curious phenomenon, and its explanation is
very suggestive. It one of these white scratches be examined
carefully with a lens it will be seen that instead of being a clean
cut through the hard surface of the flint, the scratch really
consists of a number of small breaks of the surface, separated
from one another by minute portions of bruised and torn, but not
properly scooped out flint. The whiteness is due to the lack of
continuity of the scratch and to the bruising of the intermediate
higher parts that separate the small punch-holes, if so they may
be called, from one another. As, however, this phenomenon is
practically uniform over a large series of flints, the patination
and other special conditions of which point to their belonging to
a definite class, it is evident that the cause must have been a
general one, and must be attributed to some special condition of
the ice that was producing the scratches. The only possible
difference in this ice-sheet from those that preceded it that I can
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think of was a difference of thickness, and therefore of weight.
It is so difficult to scratch a hard flint, so great is the resistance
that it offers to the passage through its substance of any material
that is likely to be met with on the surface of this part of the
world, that a certain degree of force, or in the case of super-
incumbent moving ice, a certain weight is required to produce a
clean-cut scratch. If this weight fails to come up to the required
amount, this result would happen: the ice in its slow movement,
and holding frozen into its under surface fine hard flint, pieces of
quartz, etc., would advance on an underlying flint implement.
The first effect would be to pierce the surface of the implement.
But further advance would depend upon the result of a struggle
between the resistance of the underlying flint and the weight of
the superincumbent mass. If the resistence got the upper hand
the whole body of ice would be forced up, only, however, to
descend with the added force of the jerk that would result. This
would be sufficient to produce another punch-hole, and the
struggle for supremacy between the "upper and the nether
millstone " would be repeated. It is most interesting to watch
the results of this struggle in a long series of scratched flints of
this class. Often it goes on with this alternating effect through
the whole length of a scratch; sometimes, however, the lower
flint gets altogether the mastery and refuses to have its surface
broken. In such cases the course of the upper stone can be
easily traced ; for though after the first beginning of the scratch
the lower flint has resisted puncture, yet the passage of the hard
upper stone has bruised the structure of the flint and left a white
though unbroken trail, the result no doubt of the molecular
changes produced in the flint by the terrible ordeal to which it
has been exposed. And so, in these flints we get not only white
scratches, but white marks and every kind of variety of combina-
tion of the two.*

The conclusion that a careful study of flints of Class 4
brings us to is that we are dealing with a lessened ice-sheet; and
that the gradual decrease of intensity of glaciation that we have
been watching through Classes 1, 2, and 3, is continued through
Class 4.

And now we come to the remarkable Class 5, where we ste
another change in the variety of scratches. As I have already
stated, the peculiarity of this class is that coarse scratches are

* Further experience lias shown me that I was rather too emphatic in
confining the occurrence of white scratches to my No. 4 Class. They
also occur in the No. 3 Class and to a much less extert in No. 2. In some
of the instances in which they occur on No. 3 flints, the white would
seem to date from the later No. 4 period, during which the No. 3's would
have been exposed to scratching if they happened still to lie on the
surface. Some of these white scratches on No. 3's would appear, however,
to date from the No. 3 period of scratching. There is nothing, after all,
very surprising in this ; for the struggle for supremacy between the upper
and the lower flints must have always gone on ; and the resistance of the
lower flint, if of very fine quality, must even in No. 3 period have
occasionally led to "chattering" scratches such as I am here describing.
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rare or absent, and their place is taken by groups of fine
scratches, the members of each gro\ip being strictly parallel
to one another. Nothing but quartz sand can have produced
these hair-like scratches. Therefore the characteristic of this
particular recurrence of glaciation was tirie presence of consider-
able quantities of sand in the substance of the lower level, at
anyrate, of the ice forming the ice-sheet; whilst it is equally
evident that larger pieces of quartzite or of flint of fine quality
were absent. Whence came this sand ? And why was it present
alone on this occasion, whereas in previous glaciations, if
present, it was accompanied by larger stones ? With our present
knowledge it is difficult or impossible to answer these questions.
There is this to be said, however, that the presence of large
tracts of sand in North-west Suffolk and South-west Norfolk
overlying the chalk, and in some places the , boulder-clay, is
one of the puzzles of the geology of the district. It is often said
that the sand has been blown there. If there is one thing more
certain than another about this district, however, it is the rarity
of blown sands. This statement is contrary to the generally
received opinion, but I challenge anyone to make a careful
examination of the mixture of sand and flints which covers the
country, and then to maintain that we are dealing with blown
sand. There are many reasons for believing that some sand has
been in the district from pleistocene times, but there must have
been accessions from time to time; and one of these accessions
must date from the period of glaciation represented by my flints
of Class 5. The only suggestion that I can make of the difference
of this particular phase of glaciation from those that preceded it,
is that the direction that the ice came from, the line of march so
to speak of the ice-sheet, varied on the different occasions, and
that this particular sice-sheet moved down into this part of the
country from some sand-covered district, where the sand was
free from stones. To work out the details would require an
expert knowledge of the East of England that I dn not possess;
if, however, it is once admitted that Ihe sand-writing on the
large class of flints of which I am speaking tells us a true story
of this past migration of sand-holding ice, it would be a very
pretty problem for an expert geologist to find out where it came
from.

And so we come to our last class of scratched stones, which
tell us, without possibility of niistaking, that we are dealing with
a greatly diminished power of the ice—a last kick of the conditions
causing glaciation before their final disappearance.

I cannot help thinking that the curious series of phenomena
I have been detailing will bring to the mind of all who are
acquainted with the literature of glacial geology the description
put forward by Croll of what he believes to have taken place.
The occurrence in recent geological time of conditions causing
glaciation ; a time so recent that it coincided with Neolithic man;
the divisions of the main glacial period into recurrent sub-
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periods; the clear proof that these sub-periods for some five or
six recurrences became less and less intense in severity, until
they finally died almost imperceptibly away—all these phenomena
suggest a cosmic rather than a purely geographical cause; and
his theory of the variation in the ellipticity of the orbit, combined
with the precessions of the equinoxes, fits in with the observations
in a really wonderful manner. The last period of high ellipticity
began about 300,000 years ago and lasted in a degree sufficiently
high to cause, according to his theory, marked variation of climate
for about 200,000 years, coming to an end about 100,000 years
ago. If we take 21,000 years as representing a precession period,
making allowance for the revolution of the apsides, we see that
the whole of this period of high ellipticity would be divided into
about ten precession periods, in each of which winter would occur
alternately at perihelion and at aphelion. The glaciations
represented respectively by the six different classes of scratched
implements which I have described would occupy the six last
precession periods. During these periods the ellipticity would be
gradually diminishing, and the degree of glaciation occurring
when winter took place in the neighbourhood of aphelion would
be gradually lessening in severity; and this is exactly what we
saw was suggested by the evidence of the scratches, and also by
the evidence of the degree of civilization attained by the men
who made the implements that were subjected to the ice action
of the next following glaciation. The first men to come back
when the ice-sheet was retreating, to occupy the land in the
relatively short interval of inter-glaciation, when the degree of
elliptical eccentricity was still high, would be of the roughest
kind, bearing much the same relation to the populations further
South that the Esquimaux do to the more favoured populations
—we will not say of civilized Europe of the present day, but to
such people as the American Indians of the plains of Ohio at the
time of Columbus. Their implements are of the roughest, almost
worthy of the name of Neolithic eoliths.*

As the glaciations grew less in intensity and of shorter and
shorter duration, the people that inhabited the district during the
lengthening inter-glacial periods would steadily improve, until
just before the last and mildest glaciation they would differ little
from the fine neolithic culture of the height of the post-glacial
Neolithic period.

What then of the earlier precession periods, the four or five
glaciation periods that preceded the glaciations corresponding
with the six classes of scratched implements already dealt with ?

The answer would seem to be partly found in another series
of remarkable phenomena occurring in this phenomenal district.
At one time I thought that the discovery of the extremely rough
and extremely scratched flints which I have called Class No. 1

* I am getting some rather remarkable evidence that these " Esqui-
maux" conditions recurred each time that man came back after the
retreat of the ice-sheet. Dec, igio.
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had shown us the beginning of the Neolithic Age so far as this
country was concerned. But as I continued my researches I was
struck by the fact that not a few of the human flints with scratched
surfaces had been made from nodules that still showed chipped
facets of much older date; facets with a thick porcellanous patina
quite different from the patina of the later, scratched, humanly-
chipped surfaces. I was not greatly surprised at this, as the
country is thickly strewn with nature-chipped flint lumps and
flakes with white patina, and nothing would be more likely than
that man should have made his implements out of these lumps
and flakes which lay so ready to his hand. But after a time it
struck me that some of these old white surfaces had the appear-
ance of resulting from human workmanship. I communicated
this suspicion to my friend Mr G. F. Lawrence, who at that time
was helping me to collect. Within two or three days he came to
me saying that he thought he had got'an "old white" implement.
It was a finely-chipped round disc, quite thin, and of very definite
shape. It had a fine white porcellanous patina strictly compar-
able with the early " old white " patina seen, as above related,
on some of the implements which were mainly of later (though
scratched) date. We promptly went to the field in which he had
found it, with a view to searching for others. We were not
successful in that field, but my wife passing over to the next field
called to us that she had come across two or three definitely
human implements with the " old white " patina. We joined
her there and soon discovered that we were in what the French
archaeologists call a "station." "Old white" implements
abounded. There was only an hour before it became too dark to
hunt, and in that time we had picked up as many as the three of
us could carry home. From that day to this the patch of ground
—it is not more than about two acres in extent—has continued
to yield its harvest of " old whites," and my series of them runs
numerically into well over four figures.

First as to their characters. They differ as a whole from
anything which we had hitherto found amongst the various
classes of scratched implements and flakes. The predominant
type is a wedge-shaped implement averaging about the size of a
man's fist, but passing down through all intermediate gradations
to pieces not much larger than a walnut. The object evidently
is to get an edge with strong thick backing and with a broad flat
butt, fitting well into the hand. The best of them, which are
indeed very fine implements, are made with regular triangular
section, each angle representing a working edge and each surface
a most commodious hand grasp. The regularity of a few of these
is quite surprising, but the larger number of the instruments are
rougher than this. Then there are somewhat similar implements
which come to ,a massive point rather than to an edge, but still
with the broad hand-grasp. And then there are the flat discs
already mentioned, but which are not very common. A very few
scrapers, chiefly large, have been found, and large numbers of
flakes which generally show signs of use.
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The patina is, as before said, a thick white lustrous or sub-
lustrous porcellanous surface, but this may be variegated by a
sort of mottled blue easily distinguishable from the blue patina
of the classes of scratched implements already described.
In some cases this special kind of blue predominates over the
white, some slight difference in the original structure of the flint
being the apparent cause for the difference in patina.

Next as to their position in the neolithic series. This is
decided by the study of patina. The white porcellanous patina
found on them is, so far as this district is concerned, peculiar to
them. The small area on which they are chiefly found lies in the
little central valley which I have already described as forming,
together with its containing ridges, the principal site on which
the older classes of scratched flints occur. The two-acre area of
the " old whites" shares with other parts of the valley and ridges
the distinction of being the chief source of these flints, and
scratched implements and flakes belonging to those classes,
together with those of the later classes, as well as unpatinated,
unscratched, implements are found in large numbers on the same
small area as the " old whites." There they lie " cheek by jowl "
together, and the contrast of the thick white porcellanous patina
with the thinner patinas of the various scratched series already
described is very marked and very suggestive of greater age.
That the " old whites " are really of greater age than the others
is shown quite convincingly by the large number of instances in
which implements clearly belonging to one of the scratched
classes have been made out of " old white" implements, and
where the relative ages of the different periods of work is beyond
all question. I have one most instructive implement from this
area. It is a disc, roughly made, one side of which is of very
definite " old white " age, with its thick porcellanous patina ; the
opposite side is one of my finest specimens of No. 1 period of
scratching with a blue patina; in the No. 3 period it was
worked into a scraper, the facets of this period being black,
highly lustrous, and with typical No. 3 scratching, whilst there is
a large non-lustrous, non-scratched facet of slight blueish patina
due to a later break which may or may not be of human origin.
Other doubly-patinated pieces prove abundantly that the " old
whites" preceded Classes 2 and 3, but this remarkable stone
gives us definite evidence that they preceded the very early
No. 1 Class.

What then about the scratching of the "old whites"? The
answer to this question is quite as interesting as everything else
about these implements. They are not all scratched, but when
they are the surface is destroyed in a way that is not seen in any
other class of flints. I described the scratching of No. 1 Class
as being criss-crossed in every direction until you can hardly
put the point of a pin between the scratches. In the " old
whites ' the surface is torn to pieces by the scratching. The
appearance of these surfaces is quite sui generis and quite
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different from that of No. l's.. There are not only the deep
scratches, but the original patina is torn off. At first sight it
would look as if this were due to the brittle nature of the
porcellanous patina, and to a certain extent this is doubtless so.
But I have said that a certain number of the flints belonging to
this period have a peculiar mottled blue patina; and this
mottled blue patina is in quality more allied to the later patinas,
is more " flinty" and less brittle than the true porcellanous
patina. These blue flints show exactly the same destructive
tearing of the surface as the '• whites"; and it seems quite
evident that the scratching conditions to which the " old white "
class was exposed were more intense than anything that
happened even to the earlier of the first-described classes.

That a good many of the " old whites" have escaped
scratching was doubtless due to the fact that they were buried
a few inches or a foot or two in the sandy soil, and frozen hard
in this position during the many glaciations that have elapsed
since they were made. They have now been thrown up by deep
ploughing and thus come within our ken. The burying of imple-
ments has taken place right through the whole of this great
period, and thus it has happened that many of the flints of the
earlier periods have come down true to their class.

If then the " old whites " precede the others, can we form
any idea of the kind of interval that elapsed between them and
the incoming of No. 1 class ? I think that all we can say is that
the interval must have been of exceptional length as compared
with those between the classes following them. All these classes
may be said to be species of one genus, but the " old whites "
stand out by themselves. The thick patina upon them was
formed before they were exposed to the destructive scratching
conditions which are so indicative of them ; and nothing at all
comparable to it has occurred since. It is true that certain flints
of Class 5 have a white patina, but it is quite different from that
of the " old whites" ; is thin and non-porcellanous. We know
very little about patina formation; but as these "old whites"
are lying mixed up with the later, but in many cases extremely
ancient neos, we have some right I think to assume that this very
special patina which was wholly formed between the end of the
" old white" period and the beginning of the No. 1 period
indicates a great lapse of time.

Are the " old whites" then neoliths, or do they belong to
some late Palaeolithic or to a so-called " Mesolithic period ? The
answer to this question will be found in the branch of the subject
to which I now pass.

I had for some time been puzzled by certain flint implements
that were brought to me by labourers working in the neighbour-
hood of Icklingham. They were mostly of the long axe shape ;
some merely chipped, but others more or less highly polished,
one or two being fairly fine specimens of the long narrow polished
axe of thick section. These flints are patinated in a quite
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unusual manner, being covered with a very thick creamy or
slightly orange lustrous patina, such as I rarely, if ever, find on
any of the countless thousands of neoliths of the district. But
they have another peculiarity. They are stained with iron-mould
in a way that we never meet with in ordinary neoliths—great
splashes of it over the surfaces which is highly characteristic. In
an earlier part of my paper I laid great stress on the importance
of iron-mould in estimating the age of flints. My No. 1 class of
scratched flints are on the average greatly iron-moulded. No. 2
class also shows much iron-mould. No. 3 class is less stained;
and so on until No. 6 class rarely shows more than a spot or two;
later neoliths being entirely free from it. I should have
mentioned that the "old whites" are on the average much iron-
moulded. But the class of chipped and polished flints I am now
describing far surpasses the " old whites" and No. l's in the
degree and even in the quality of the iron-moulding. After
working through a large series of the "old whites" it occurred to
me that they alone, of all the large numbers of neoliths in my
collection, recalled to mind these curious polished flints; and I
consequently put out the collection of these flints alongside the
" old white3." It then seemed evident to me that just as the
classes of scratched flints No. 1 to 6 seemed to be species of one
genus, so the " old whites " and the polished and chipped flints
in question seemed equally to be species of another genus. If
this were so, there seemed to be no question that the polished
and chipped flints of that class were the older of the two; the
patina was much thicker, deeper in colour, in certain instances
even approaching to some of the palaeolithic patinas of the
neighbourhood, which are generally considered as found solely on
palseoliths and never on neoliths. I then sought through the
" old whites " to see if any of them were doubly patinated, where
later work belonging to the " old white " period was associated
with an earlier patina comparable with that of these polished
axes. I found that in a few instances this was the case ; and
there was thus strong presumptive evidence that the polished
axes were older than the '" old whites."

Further examination of my collection brought out another
remarkable circumstance. Hitherto my attention had been
attracted to these presumably ancient polished and chipped
axes from my own neighbourhood of Icklingham. But I soon
found that I had axes of precisely similar patina, and showing
precisely similar extensive iron-moulding from other places. One
came from near Bridlington in Yorkshire ; one from Broadwater
near Worthing, in Sussex; and a whole series from various
parts of Northern and Central France. Put side by side the
resemblance is quite remarkable. Not only is the patina identical
in all the implements, but the iron-moulding is identical. Both
patina and iron-moulding are quite different from anything seen
on any ordinary neolith, and it is impossible to avoid the con-
clusion that all these various pieces belong to one age; and
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almost equally impossible to correlate this age with any of the
Neolithic ages already described in this paper. I have been
driven by a full consideration of the circumstances to believe
that here we have a stage of neolithic culture of a comparatively
high order, antedating, and probably long antedating, the "old
whites " which, in their turn, antedate the whole series of scratched
periods already described. This is as far back as I can get in the
neolithic age, and it is very remarkable that it lands us in a full-
blown polished flint period. I think it not improbable that some
of the puzzles connected with South Down and Spiennes flint
implements may have some connection with this problem.

I should say a word with regard to the scratching of these
presumably early neoliths. The strange thing is that they are
rarely scratched. At first sight this is rather puzzling. To any-
one who has studied all the various groups of neoliths described
in this paper, it is quite inconceivable that these ancient
implements post-date all the scratching conditions; the evidence
is practically conclusive that they antedate the " old whites."
How then have they escaped ? The answer would seem to be
that they were buried in the soil all through the recurrent glacial
conditions. Quite half of the " old whites" were thus buried ;
all palseoliths were safely buried in their gravels through the
series of glaciations associated with the Neolithic age; and,
furthermore, I have recently discovered in this neighbourhood
an extensive Neolithic "floor" buried at a depth of three to four
feet, showing exactly how implements became protected from the
destructive agencies that were periodically recurring. The
history of this floor is of great interest and importance, but
cannot be gone into here.

I have dealt with this question of Neolithic chronology at
great length; but the subject is a wholly new one. It is doubtful
whether there are many districts where it could be worked out in
the way I believe I have been able to do it here. What I am
doing can only be considered as a beginning. The subject still
bristles with problems—some of which may probably have to be
worked out elsewhere. My hope is that I may have been able to
put some beginning of order into our ideas.

Let me briefly recapitulate the various phases of the
Neolithic period which I have thus described. Beginning at
the end and working backwards we have—

1.—The later Neolithic period subsequent to any of the
conditions that produced scratching. Most of the finer Neolithic
implements belong to this period : lustre slight and ironmoulding
absent.

2.—The period I have called No. 6 of those in which
scratching is met with. The implements (which may be finely
made) and flakes are markedly lustrous, but iron-moulding is
absent, or represented by only a spot or two. The scratches
consist of one, two, or three short, fine lines.
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3.—The period I have called No. 5 of the scratched series.
The implements—good scrapers, &c, are often patinated a blue-
white, and show groups of fine parallel scratches, as if made by
the passage of sand over them under pressure. Iron-moulding is
slight; never more than a few spots.

4.—The period I include as No. 4 of the scratched series.
The chief peculiarity of these is the presence of large white
scratches with a strong tendency to parallelism. The imple-
ments and flakes are generally very lustrous, and as is generally
the case with very lustrous surfaces, the flint has changed little
or not at all in colour. Some good implements are met with—
scrapers, &c, but they seem to be scarcer.

5.—No. 3 of the scratched series. Here there is considerable
alteration in the character of the implements and flakes. The
implements are coarser in make, and both they and the flakes
are generally much patinated ; sub-lustrous or lustrous, iron-
moulding more pronounced ; aretes considerably torn ; scratches
very marked, both large and fine ; less tendency to parallelism,
and the surfaces of the flint often rubbed. The whole appearance
of the flint is widely different from that of any of the later
periods.

6.—No. 2 of the scratched series. This shows an exaggera-
tion of the period just dealt with. Implements very rough;
surfaces of implements and flakes deeply patinated; aretes
almost destroyed ; iron-moulding a very marked feature ; scratches
very numerous, large rather than fine ; surfaces much rubbed.

7.—No. 1 of the scratched series. Stands quite alone in the
'peculiarities shown by the rare pieces of which it is composed.
Implements of the roughest possible kind, sufficiently so to
deserve the name of Neolithic " eoliths." Surfaces deeply
patinated, very much iron-moulded; rubbed until the lustre
seems to have been rubbed off, but without deep destruction of
surface; scratches of very special character, criss-crossing all
over the surface in a quite extraordinary way.

8.—The " old whites." Implements of very definite types
and some of them showing much skill in the making. Patina
porcellanous white or mottled white-blue, relatively thick,
lustred, iron-moulding considerable. Scratching again of very
special and peculiar type ; less criss-crossing than in the period
just described, but extremely destructive of the surfaces. A
considerable proportion of these pieces—at least one half—have
altogether escaped scratching having apparently been buried
during the repeated passages of the ice.*

* It might seem more logical to begin the scratched period with this
class ; but I had already numbered my periods before I found these
"old whites." I have refrained from changing the numbers, because
from my No. 1 to No. 6 we have a steady advance in the phases of
culture ; whilst from No. 1 to the " old whites " and the earliest polished
class it is a progress in the opposite direction, increased culture as we go
backwards.
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9.—The remarkable polished axe period already described.
Extremely thick patina of very special quality; lustre well
developed, iron-moulding in a degree seen in no other class.
Polish sometimes of. a high-order over a greater or lesser extent
of the surface. Scratches on the few specimens that I have got
either absent or in very small numbers.

This is the beginning of things Neolithic as far as I have
been able to trace them. We may hope that observation, com-
bined with good luck, will take us further in the solution of the
thorny problem of the beginning of the Neoliths. It is probably a
matter of digging rather than of surface finds. One of the most
remarkable pieces belonging to this last named class that I have
seen was found at a considerable depth in what seemed like a
definite pleistocene deposit. It was shown at a meeting of our
Society by Mr. Lowerison, of Heacham, Norfolk, where it was
found, and it is now in the Ruskin School Museum at Heacham
The absence of scratching on most of these pieces would seem to
show that they tended to get buried by deposits before the ice
came, and that they remained thus covered until turned up by
deep ploughing or other agricultural operations, or by the
denudatK.1 due to efflux of time.

After this long digression it is time to recur to the considera-
tion of Croll's theory of glaciation as applied to the explanation
of the phenomenon of striated neoliths. According to this
theory there must have been during the last period of high
ellipticity, which began about 300,000 years ago and ended about
100,000 years ago, some nine or ten recurrences of glaciation
corresponding to the occurrence of winter in or near aphelion,
with relaxations of the cold conditions in the intervals during
which winter was in or near perihelion. As the ellipticity was
gradually increasing the length and degree of the recurring
glaciatjon would likewise increase. Similarly as the ellipticity
was lessening, the length and degree of the glaciations would
decrease. On the up-grade the interglaciations, beginning by
being long in proportion to the glaciations, would become re-
latively shorter and less genial; whilst the reverse would take
place on the down-grade of ellipticity. It is to me quite extra-
ordinary how well the facts fit in with the theory. The height ot
glaciation evidently corresponded with the period represented by
No. 1 class—the man who made these very rough implements
having inhabited the district in the previous interglaciation.
Going backwards from the highest point we get first the " old
whites," and behind them really fine neoliths. Coming forward
we get a gradual improvement in culture with gradual lessening
of the scratching conditions, until at the end of the series we
arrive again at fine neoliths.

I am not surprised that many of my scientific friends find
the correspondence between the facts and the theory too good to
be true. Still there are the fact3, clearly demonstrable in my
own museum, and these facts have to be explained. Any ex-
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planation of them must involve the explanation of the repeated
occurrence of glaciation in geologically recent times, and the
particular facts I am bringing forward show that there are many
more glaciations to account for than has hitherto been supposed.

It will be said that I am begging the question in attributing
the striations on my flints to ice. If I am begging the question I
am only doing so in the entire absence of any plausible suggestion
as to other causation. Two or three such suggestions have
been made, but they are so entirely inadequate that they are
scarcely worth repeating. One is that the plough-share is respon-
sible. Can steel scratch or cut chalcedony ? It is unnecessary to
answer. Earth-creep is a favourite suggestion. The whole
country round Icklingham is almost flat, and the majority of
the scratched flints are found on the highest ground of the
district. On the other hand several distinguished geologists
have at once recognised the striations as glacial, and have
admitted that nothing else could have made them.

And in further proof of these glaciations during Neolithic
times I will refer again to the topographical conditions of the
little valley which, with its boundary ridges, I described as the
principal site for the older classes of striated flints, uiid for the
" old white?." I described the system of three valleys, the two
side ones and the smaller central one. These are part of the
general Lark system of drainage valleys, although no drainage
takes place down the three valleys now. I have no hesitation in
ascribing the formation of the Lark system to glaciation ; and it
is cleaily proved that the glaciation that formed it was sub-
sequent to the Mousterian period. That it was subsequent to
the formation of the Warren Hill gravels and the other gravels of
the ridge is shown by the fact that the main Lark Valley cuts
through the Warren Hill gravels at right angles. That it was
subsequent to the Mousterian period is proved by the fact that
the gravels capping the ridge at High Lodge were pushed over by
ice on to the top of the brick-earth containing Mousterian
implements on the side of the ridge. Our three valleys therefore
date from post-Mousterian time. But they were already in
existence in '• old white " Neolithic times ; for the " old whites "
are found on or near the surface in what is evidently a " station "
in the central valley. I am not prepared to say nearer than this
when the glaciation took place that gave rise to the three valleys
and the general Lark system, but the glaciation was evidently on
a larger scale than any of the Neolithic glaciations that followed
it. When these occurred the valleys were already there, and
they formed the drainage systems to carry off the water resulting
from the melting of the ice at the close of each of the recurrent
Neolithic glaciations. There was however this difference between
the side valleys and the central one. The gathering grounds of
the two former met, or almost met, behind the latter. Con-
sequently the latter ceased to be a drain for the area behind it,
the water from which ran off down the two side valleys; the
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central valley merely carrying off the water from the melting ice
in the valley itself. This would be insufficient to give rise to
any great rush of water, and stones lying on the surface of the
valley would remain in situ to this day. In the side valleys, on
the contrary, the swish of water would be much greater, as they
would be draining not only their own areas but the catchment
basins behind. Hence the difference in the class of flint
implements found in the central valley as compared with the
side valleys. The two ridges bounding the central valley would
be also most favourably placed for escaping the great swish of
water, and the earlier flints would be left on them in the same
way as in the central valley. This is just what we have seen is
the case.

One word as to the glacial nature of these valleys. I called
attention to the fact that the two side valleys have gathering
grounds, but that the size of these is altogether disproportionate
to the size of the valleys. One can walk round the gathering
ground of the western valley in half-an-hour; yet the valley is
about a mile wide and over a hundred feet deep, its length being
about two miles. How would it be possible for the overplus of
water of a. few acres to work out such a valley as this ? " Where
was the water? " asked a distinguished friend of mine. Well, as
the water was not from a large area it must have been piled up
on high. Moreover, the ground is one of the most absorptive
possible; fifteen feet or thereabouts of loose sand covering
porous chalk. The heaviest rains are now absorbed immediately.
To render a rush of water possible the ground must have been
frozen as hard as a rock. The central valley begins as a V, with
no gathering ground at all. Under no possible circumstances
can a valley of this kind have been excavated by ordinary rain-
water conditions. This must be the result of ice-melting, as is
indeed acknowledged by glacialist friends of mine who by no
means accept all my conclusions.

I now pass to the consideration of the relationship of the
Palaeolithic period to glaciation. Here we get on to more difficult
ground. We have seen that the study of scratched neoliths and
their distribution in the neighbourhood of Icklingham fits in
most suggestively with Croll's theory of the last great ice period,
that beginning about 300,000 years ago and ending about 100,000
years ago. If we can show a connection between the Drift period
and glaciation, the connection must be with some great glacial
period earlier than that.

If scratches on hard surfaces of flint are to be taken as
indicative of ice-action, then we have the same proofs that Drift
implements have been subjected to such action as we have been
seeing in the case of neoliths. There is this difference however:—
In dealing with neoliths I was able to show that the great majority
of scratched stones have been found on the surface of the highest
ground of the neighbourhood, where no question of earth-creep or
of maltreatment by one another in the course of flood action
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could be.invoked in explanation of the phenomenon. Implements
of Drift types, on the contrary, are with very few exceptions
found in gravels, and have evidently gone through many vicissi-
tudes during their existence. It might be claimed that any
scratches on them could be explained by the rough treatment
to which they had been subjected.

A long experience of palaeolithic gravels has convinced me
that river action alone does not scratch flints. It breaks them in
pieces, it clips their edges, it. rounds their aretes, but it does not
scratch them. We want, however, some more definite proof than
a mere assertion, and such proof can be found by an examination
of the scratched flints themselves. In dealing with Drift imple-
ments we have, it is true, no such series of sharply-defined
classes as we saw in neoliths. Nevertheless, classes do exist, and
the first of them is almost as well defined as our No. 1 class of
neoliths. • This is the series of rough flake implements that I
mentioned when speaking of scratched palseoliths on page 44.
The scratching on these is very extensive. The striae do not, it is
true, criss-cross all over a surface until scarcely anything of the
original is left, as is the case with Class 1 of neoliths, but the
surface is heavily scored with large and deep scratches, larger and
deeper than anything we get on the most deeply-striated neoliths.
In point of roughness of make these implements vie with the
No. 1 neos. and they are almost always made out of large flakes
with the bulbar side left intact. They are generally deeply
patinated, and are always much battered. They are quite unlike
anything else in prehistoric archaeology, and when once recognised
it is easy to pick them out in a collection of Drift implements,
with the certainty that they will show this type of scratching. I
have specimens from many parts of the Thames Valley, from
Warren Hill in Suffolk, and from Shrub Hill in Norfolk. No
finely-made Drift implement and no ordinary flake contemporary
with the average Drift implement is ever scratched in the way
these peculiar implements are. It is quite impossible that such
a combination of rough flake implement, of deep patination, and
with striation unexampled in any other Drift implement, can be
due to chance, especially when we consider the wide area over
which this special type has been found. We are forced to the

• conclusion that they represent a special period of " Drift" time ;
and that the striations really are, what indeed they certainly look
like, the result of ice-action, and ice-action of a very powerful
kind.

Striation in lesser degree is seen on a considerable number of
Drift implements of many types, and it would be possible, I
think, to divide striated implements from the gravels into several
classes. In such case, however, the classes are far less well
defined than we have seen them to be in neolithic stones.

My present purpose however is fulfilled if I have succeeded
in showing that it is practically certain that we have to associate
drift implements with glaciation, and that there is reason to
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believe that this connection is not confined to one glaciation
only, but involves several recurrences of such conditions. The
glaciations we have been dealing with in the description of striated
neoliths can have nothing to do with the palseoliths, for it is
abundantly evident that the gravels in which the latter are found
were formed at periods long anterior to neolithic time, and that
the stones in them .have remained undisturbed ever since.
Therefore we are forced to postulate a glacial system separated
from that which produced our various neolithic classes by a
length of time sufficient to contain the whole of the great cave
periods; and, in so far as our rough bulbar implements are
concerned, of the greater part of the Drift period.

Here I again have recourse to Croll. On referring to his
chart of glacial time at page 313 of "Climate and Time," I find
that the next great period of high eccentricity on going backwards
from that which began 300,000 years ago, and which we have
already dealt with, was a remarkable series composed of three
maximal separated by two minimal sub-periods. The first rise
in eccentricity began 1,000,000 years age. It failed to reach quite
so high a degree of ellipticity as that which I have associated
with neolithic time. In the course of 100,000 years this eccen-
tricity had sunk lower than it is at the present day; but it rapidly
rose again, and in 50,000 years reached a point that considerably
surpassed that of 300,000 years ago. According to Croll, it had
again sunk to the present normal 50,000 years later, only to rise
with equal celerity to the same level as was attained in the latest
{neolithic) Ice-age.

I hold no brief for the detailed accuracy of all Croll's calcu-
lations ; they were made by the use of the formula calculated
by Leverrier and published by him in the " Connaissance des
Temps" in 1843. It is possible that the formula, though true
within certain limits, may not be equally accurate for all time.
Let us assume however that there was a period of exceptionally
high eccentricity that began a million years ago and ended about
700,000 years ago ; and let us see what evidence there is that
it is to this period that the scratching of our drift implements
may be assigned.

As I have said, the whole of the <;cave" periods of palaeolithic
time would have to be placed in the interval between the end of
the penultimate high eccentricity 700,000 years ago and the
beginning of the last occurrence of high eccentricity 300,000
years ago. Have we any evidence to show what order of base-line
should be used for measuring these periods ?

(1) The Mousterian.
(2) The Aurignacian.
(3) The Solutrean.
(4) The Magdalenian.

As bearing on the length of time that the Mousterian stage
of culture lasted, we have the evidence of the ii:Grotte du Prince,"
at Mentone. In this cave were more than sixty feet of deposits,
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all of typical Mousterian type. The lower deposits contained the
bones of sub-tropical animals—Elephas Antiquus, Rhinoceros
Merckii, and Hippopotamus; the upper those of sub-arctic
animals—Elephas Primigenius, Rhinoceros Tichorinus, and
Reindeer. Therefore, during the time these deposits were
accumulating there was a change from a warm to a cold climate.
Even if due to precession of the equinoxes, we have to postulate
a period of from ten to twenty-thousand years. Then again, in
nearly all Mousterian deposits with which I am practically
acquainted, including those of Moustier itself, of Mentone, and
our own deposit of High Lodge, Mildenhall, the occurrence of
doubly-patinated implements is by no means rare. In all cases
both the earlier and the later work is of the Mousterian type;
the later Mousterian implements are never made out of Drift
implements, but always out of old Mousterian implements. We
have gone into the evidence that proves the great length of time
required to produce these patinas on flint. The frequent
occurrence of doubly-patinated implements in many Mousterian
deposits therefore bears out the view that Mousterian time runs
at any rate into a score of thousand years.

As regards the Aurignacian, this deposit directly overlies in
one of the Mentone caves a Mousterian deposit. There is no
sign of transition between the two. The same is true of certain
other caves. This is very suggestive of the occurrence of a hiatus
of unknown length between Mousterian and Aurignacian time.
I am not aware that we have any evidence of the length of time
that the latter period lasted.

The Solutrean period is divided into at least two definite
sub-periods, and in one of these a degree of skill in flint-working
was acquired which has scarcely been surpassed at any subse-
quent time. Considering the extreme slowness with which
advances must have been made in these very primitive ages,
this unexpectedly high development would seem to involve a
long time.

The great Magdalenian period has been divided by M.
Cartailhac—perhaps the greatest living authority on " cave "
man—into four great sub-periods :

(a) The period of the ascendancy of the bison. To
this period he attributes the celebrated painted and
engraved caves in Dordogne, the Pyrenees, and elsewhere.

(b) The Steppe period, during which the Antelope
Saiga was the predominant animal. It was during this
period that M. Cartailhac thinks the " loess" was
deposited.

(c) The classical Magdalenian period, in which the
reindeer was the predominant animal, the bison having
almost disappeared. This is the period to which are
referred the drawings on and carvings of bone and horn.

(d) The period of the painted pebbles of Maz
d' Azil. During it the cervus elephas was the predominant
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animal. The mammoth had already disappeared and the
reindeer nearly so.

The changes in fauna and the development of wonderful
artistic powers are sufficient to show that the Magdalenian period
must have been a very long one.

It is impossible at present to give anything approaching to
exact figures for the duration of the whole of the Cave period ; but
it seems difficult not to believe that it must have been counted
by some scores of thousands of years.

The position of the High Lodge brick-earth of Mousterian
age, and the curious phenomena of patination seen in connec-
tion with the Drift implements from the -neighbouring Warren

. Hill gravels, are facts that indicate, without any doubt, the lapse
of a very great length of time between the making of the Warren
Hill implements and the making of those from High Lodge.
The accumulations of these great Drift gravels in many parts of
this and other countries point to some great cause, or succession
of causes, for their formation. For this cause we must evidently
search at some period long anterior to the very distant period
that would seem indicated for the beginning of Mousterian time.
Such a cause, or succession of causes, we find ready to our hand
in the succession of high periods of eccentricity, which began
about a million years ago and ended, as I have said, about
700,000 years ago. One of these periods was certainly associated
with a higher degree of eccentricity than occurred during the
Neolithic glaciation ; the glaciation would therefore be on a larger
scale; the disappearance of the ice would be accompanied by
flood phenomena surpassing anything seen in this later glacia-
tion ; and the gravel deposits might be expected to be greater
and to give evidence of a more complete sweeping of the earth's
surface than has occurred at any more recent time. And this is
just what we see; for as was remarked earlier in these pages, at no
time later than the Drift period do we find that all the imple-
ments made by man at a given period were washed down into
gravels.

We have seen that the Thames Valley gravels and the
Warren Hill and its allied gravels in Suffolk belong to two
different periods. There is evidence that the Warren Hill
gravels are of later date than those in the Thames Valley. It is
probable indeed that the Warren Hill gravels are amongst the
latest formed of any in which drift implements are .found. It is
therefore probable that they date from the latest period of
glaciation belonging to the high eccentricity that came to an
end 700,000 years ago. Our examination of the Warren Hill
High Lodge position shows that there was a very long interval
between the making of the " Drift" implements of the former and
the Mousterian implements of the latter. Have we any evidence
that man occupied the country in this interval ? I think that
certain facts come to our help in this matter.
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In several places hrick-earths have been discovered that
contain implements, which though still belonging to the later
drift types, yet are in advance of the majority of those in the
latest gravels. Such an one exists at Elveden about four miles
from Warren Hill. The implements at Elveden are of the finest
type of thin ovate. They are unrolled, unscratched, many of
them unpatinated, and when patina is present it is of the white
variety with no sign of yellow staining so commonly seen in drift
implements from the gravels. Another such brick-earth exists at
Ipswich, and has been investigated with much zeal and patience
by Miss Nina Layard. Here again the implements are of the
finest thin-ovate type, with no signs of rolling or of scratching,
and unpatinated. This brick-earth overlies a gravel containing
coarser implements of ordinary gravel type with all the signs of
rolling and of patination associated with gravel drifts. Then
again there are the beautifully-made ovate implements of the
Dordogne plateau, culminating in the wonderful triangular pieces
that show the highest point reached by man of the " drift " stage
of civilization.* In all these cases we are probably dealing with
a race who, though still belonging to the " drift " age, lived after
the final disappearance of the great penultimate ice-age, and filled
up part of the interval in question. The rest of the interval was
probably occupied by the men whose implements occur in such
large numbers at Bois-du-Hocher in Brittany, and who would
seem to be represented in this country by the series of imple-
ments discovered by Mr. Benjamin Harrison at Oldbury, near
Ightham, in Kent. These implements do not strictly belong
either to the " drift" or to the Mousterian periods, but would
seem to have some of the characteristics of both periods and to
form a link between them.

It may be thought that I am invoking periods of much
too great length for the occurrence of these modifications of
type of implement, modifications indicating changes in the form
of culture of the inhabitants of the countries concerned. I do
not think that I am straining the point too much. I claim that
I have proved, on irrefragable evidence, that the Neolithic period
lasted well over 200,000 years; it is indeed probable that its
duration was nearer 300,000 years. Yet in the last few score
thousand years the changes and improvements in the types and
make of the implements were surprisingly small. And the

* Since this paper was originally written an important article by
M. Commont has appeared in " L'Anthropologie" for November-
December, 1908. In this article he describes the section at a new
excavation at St. Acheul. In the lowest part of the section were gravels
containing the older types of "Drift" implements. Several feet above
the upper layer of these gravels was a deposit of sandy clay, in which
occurred large numbers of finely-made implements, chiefly ovates. About
40 per cent, of these ovates had a peculiar twist well known to collectors
as occurring amongst the later implements of " Drift " type. This twist
occurs in about the same proportion amongst the ovates of Elveden and
of Ipswich.
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further back we go in point of time and of degree of civilization
the slower will have been the rate of progress. When a pointed
or ovate implement of Drift type marked the highest plane that
had been attained in the history of the race, improvements
must perforce have come very slowly—so slowly that the human
brain of the present day can scarcely form a conception of the
rate of change. The highest anthropoid apes are doubtless
doing to-day exactly what their ancestors of the hundred
thousandth generation were doing. And with man at the early
stage of culture indicated by " Drift" implements, the case
would be but slightly different. We see that it must have been
so through the gravel periods. All the evidence goes to show
that very long periods of time are represented by the Suffolk
gravels of Warren Hill type; and similarly with the Thames
gravels. Yet these two periods were not contemporaneous, but
one followed the other. Everything points to the fact that we
are dealing with time on a geological basis, on a scale wholly
different from anything we know of in the historical period.
With " Cave" periods it is the same; time is measured by
changes in fauna. I even go so far as to say that one great
difficulty in my estimation of the " Drift" Age is to reconcile
the vast periods involved with the comparatively short period of
three hundred thousand years between the beginning ot the
penultimate ice age a million years ago and its ending 700,000
years ago. I have little doubt that further investigation will
show that the Drift Age really goes back almost indefinitely
before that time ; but I do not wish on the present occasion
to carry the matter further than I have done.

I shall doubtless be asked, "What of the boulder clays?"
The glaciations of which I have been speaking—the neolithic
glaciations beginning 300,000 years ago; the palaeolithic glacia-
tions beginning 1,000,000 years ago—have quite certainly nothing
to do with the boulder clays The glaciations of gigantic
dimensions to which these were due occurred long anterior to
those I have been dealing with. Though the neolithic, or just
pre-neolithic glaciations produced many changes in the earth's
surface, including the initiation of the river systems of parts of
Suffolk ; though the palaeolithic glaciations produced even greater
changes, and evidently gave rise to floods on such a scale as to
sweep clean the earth's surface in this part of the world; yet
neither of these results can compare with what took place in
connection with the earlier glaciation, or series of glaciations,
whence arose the boulder clays and all the vast glacial phenomena
associated with them throughout the whole Northern Hemisphere.
The relationship between the results of the penultimate and of the
last glacial periods is quite in accordance with the higher degree
of eccentricity of the penultimate as compared with that of the
last increase of ellipticity of the orbit. On these grounds we
should expect that at some earlier time Croll's calculations would
show some even greater ellipticity than anything seen during the
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human time. This is not so, and at first sight it is rather
disquieting that it has not been found to be the case. To get
another period of exceptional eccentricity we have to go back
about two-and-a-half millions of years, when the extent of it was
about the same as during the penultimate period. In that case,
if things were as they now are, the severity of glaciation should
have been about the same as during that period. I cannot help
thinking that the explanation of this discrepancy must be some-
what as follows:

It is matter of common knowledge that although Croll's
theory was received almost with acclamation when he first
produced it, yet that for some years past it has been steadily
losing ground. This was partly due to the fact that he, in
common with most geologists, talked of " the glacial period." At
the present day this same term is almost universally met with in
writings dealing with pleistocene geology. On referring to Croll's
diagram of eccentricity for the last three million years, it is
at once seen that there have been several periods of high
eccentricity during times which, speaking geologically, are
comparatively recent. If the boulder-clay glaciation took place
at the last period of high eccentricity, where (it was asked)
are the signs of the much greater glaciations that must have
taken place during the previous periods of high eccentricity.
These, by general consent, wore not to be found; hence (it
was argued) Croll's theory must fall to the ground. What
else was there to put in its place ? For years I have asked
this question of my geological friends, and never have I had any
answer that throws the slightest light on the subject. My
last question of the kind was.asked of my friend, Professor
Boyd Dawkins. He answered, "The leading geologists are harking
back to Lyell's view of 1859." Now, Lyell's view to the end of
his life was that the glacial conditions were due to geographical
causes—the accumulation of land in the polar regions to the
detriment of the tropics. One great difficulty in accepting this
theory has been that the glacial period was only a part, perhaps
a small part, of pleistocene time; that it seemed almost
impossible that such great changes as those implied shall have
taken place in this mere moment of time, compared with the
whole of geological chronology—a chronology to which strict
limitations were set by the physicists, with Lord Kelvin as their
redoubtable spokesman.

The discovery of radium has overthrown the physical
argument, and geologists once more have their hands free so
far as limitations are concerned ; but I do not think that anyone
has hitherto brought forward any arguments to show that the
boulder-clay glaciation took place so long ago as to allow of
geographical changes of great extent to have taken place.

The whole of my argument has gone to show, has in fact led
up to the inevitable conclusion, that the boulder-clay glaciation
took place not less than two and a-half million years ago. Here
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we have the time we want. In two and a-half millions of years
it is quite certain that changes in the distribution of land and
water must have happened ; and it is quite open to us to believe
that certain of such changes favoured the production of a cold
climate over large portions of the Northern Hemisphere.

My explanation of the extraordinary conditions which pre-
vailed during the boulder-clay glaciations resolves itself thus:
At that remote period there occurred a distribution of land and
water somewhat as shadowed forth by Lyell; during that time at
least one period of exceptional eccentricity happened, and the
combination of favourable geographical conditions and of favour-
able astronomical conditions led to a glaciation far greater than
anything that happened afterwards, and perhaps greater than
anything that had gone before. The glaciation on that occasion
was on so tremendous a scale that it has blinded the eyes of
geologists to the signs of minor glaciations. An Ice period,
according to their views, must always be like the great Ice Age,
of which we see the gigantic results. If these are not present
then, geologists have in effect said, there was no glaciation. Yet
after all this is not a very scientific conclusion. How can we
assure ourselves that all ice action has been on the same scale ?
All evidences of ice-action, however small, should be looked for.
What attempt has been made to explain the formation of all the
little ups and downs of our own little England ? The little valley
at Icldingham, to which I have drawn attention, must be only
one of thousands of such problems that are crying out to be
solved. Fortunately my little valley has been protected by its
two bigger brothers, and has thus come down to us in a condition
unaltered from a comparatively early period of the last glaciation.
Fortunately also its sides were covered with fragments of one of
the most imperishable materials on the earth's surface. And the
result of this lucky combination of circumstances has been to
enable us to read it like a book.

When once the clue was given it became comparatively easy
to carry on the investigation to that hitherto most puzzling of
problems, the great accumulations of gravels in present river
valleys, and in those of rivers long extinct. Here again we are
fortunate at Icklingham. The extraordinary phenomenon of
Drift gravels overlying typical Mousterian deposits on the slope
of a hill has helped in the elucidation of the present water-ways
of the district. And again, the very exceptional peculiarities of
the hundreds of Drift implements in the Warren Hill gravels has
enabled us to get, at anyrate, at part of their history. Much yet
remains to be done. I already know much that lack of space
prevents my including in the present paper. Whatever may be
thought of my argument, and of ray conclusions, I venture to
hope that the methods I have adopted may lead others, both
archaeologists and geologists, to look at the Stone Age of Man
from a new point of view.
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V, SUMMARY AND CONCLUSIONS.

1. The existence of large numbers of scratched flints of
Neolithic age on high ground is conclusive of the occurrence
of a glacial period since the incoming of Neolithic man.

2. The existence of scratched palseoliths in gravels which
quite certainly pre-date the Neolithic glaciations proves the
occurrence of at least one glacial period during the ages of
Palaeolithic man.

3. The existence! of the boulder clays which pre-dated the
palaeolithic gravels as we know them proves the occurrence of a
series of glaciations before the coming of Palaeolithic man.

4. I am now* in a position to add that Mr. Moirs' discovery
of extensively-scratched flints at the very base of the crag
deposits at and near Ipswich shows that glaciations were occur-
ring at the very remote periods implied by these early pliocene
deposits.

We thus have evidence of the occurrence of glacial conditions
at long intervals from early Pliocene time down to the Neolithic
period. In the case of the last, and therefore most easily studied
glaciations, we have evidence of many recurrences of the glacial
conditions with corresponding interglaciations. To judge by the
papers of Professor Penck, and in a less degree of Professor Boule,
we seem justified in postulating several recurrences of glaciation
during the Palaeolithic period. And it is well-known that
Professor James Geikie claims subdivisions of the great glacia-
tions associated with the deposit of the boulder clays.

It is therefore quite evident that any explanation of the
glacial phenomena which have occurred in the temperate regions
of the Northern Hemisphere must take into account the
periodical returns of the conditions giving rise to glaciation.
Of the latest of all the glaciations, that associated with Neolithic
man, I have shown. that there were at least eight advances and
recessions of the ice during the main glacial period, the recessions
being sufficient in degree to allow of the return of man in the
intervals. These advances and recessions must also therefore be
accounted for in any theory of glaciation.

The whole picture tallies in a remarkable way with the theory
of Croll, and no other theory has been suggested that in any way
meets the case. When Croll published his researches and came
to his conclusions he had fewer facts to go upon than we have
to-day; everything that has since been discovered strengthens
his position. And what have we on the other side ? A purely
mathematical argument applied to a concrete problem of the
highest degree of complexity. Against such an argument the
study of facts must have overwhelming weight. No one can
assert that we are dealing with a smooth, homogeneous, inelastic
sphere, such as must be the starting point of a mathematical
problem. We are dealing on the contrary with a most complex

* December, 1910.
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arrangement of land and water, with air currents and water
currents, that baffle all enquiry. Who can explain our present
climatic conditions and modifications of weather except in the
most general terms ? How can conditions such as these of
which our knowledge is so vague be subjected to mathematical
analysis ? When however a theory such as Croll's fits in not only
with the facts known when he wrote, but with a whole series of
facts that became known after his death, it behoves us to look
again carefully into the matter. And the examination ought to
be a complete one. One of the first things to do, though doubt-
less one of the most arduous, should be the re-examination of
Leverrier's formula for calculating the degree of ellipticity of the
earth's orbit at any given time. It was on this formula that Croll
based his time chart of ellipticity. If there were an error in the
formula, or if the formula were inapplicable in the case of some
portions of astronomical time to which it was applied by Croll,
then there would be corresponding errors in his chart. These
errors would in no way invalidate his principle, but they would
certainly make some difference in its detailed working out. Then
again, Croll's own calculations, based upon Leverrier's formula,
would require careful examination. As his chart stands it shows
considerable concordance with the facts I have been bringing
forward, and more especially for the latest phase of glaciation—
that which falls in with neolithic time. The relatively great
glaciations of the Drift period would seem to fall in with the
penultimate period of high ellipticity, but it is difficult to place
in his chart the very considerable glaciation that occurred in
post-Mousterian time, and which is responsible for the present
drainage system of this part of Suffolk.

I am aware that in thus laying stress on Croll's theory I am
running counter to the general opinion of the scientific world,
which appears to think that the matter has been settled once
and for all by Professor Culverwell. Against mathematical
arguments I would oppose facts. Can these facts be explained
on any other hypothesis ? I have been studying the question for
years and have talked the subject over with many distinguished
geologists. I have so far failed to elicit any theory that has the
slightest degree of plausibility. One and all take refuge in the
statement, "we don't know." This is the true scientific spirit in
a case where we have insufficient data for forming an opinion.
But I claim that I am bringing forward fresh data, and that
these data find their true place in the theory of Croll. If they
can be proved to fit in with any other theory in equal degree I
should be perfectly ready to accept the new explanation. So far
however I am not aware of any attempt to bring forward such an
explanation.

The conclusion of the whole matter is this: Neolithic man
goes back to some period between two and three hundred
thousand years ago, and it would seem that we have not
even then reached the beginning of the period. Drift man
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was flourishing from a million years ago to about 700,000 years
ago. Neither figure is a limit; the later figure is probably nearer
a limit than the earlier. Between the end of the Drift and the
beginning of the Neolithic we have the great " Cave " periods
which would thus seem to have occupied anything from 200,000
to 400,000 years. Behind Drift man are vast ages of which we
are only beginning to get the first glimpses. But it now seems
evident that man was already on the earth in early pliocene
times ; and we must not be surprised if proofs are ultimately
brought forward that the genus homo goes back even further
than that. It has become almost a shibboleth that man first
appeared in pleistocene times; but I affirm that it is no more
than a shibboleth. There is absolutely nothing a priori for or
against the statement; it is entirely a question of evidence.
The evidence is very difficult to weigh, and only first-class
experts are justified in pronouncing upon it. Expert knowledge
of the highest description may as yet be scarcely attainable ;
but it is the duty of all who are actively working in this field to
increase their knowledge by all means in their power. In this
way questions that to-day are almost insoluble will become clear
in a few years time ; and discussion as between Nature-made and
human work will be reduced to comparative certainty.
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Pf.ATK VIII.

Neolithic Implements with two periods of workmanship,
from Icklingham and Mildenhall. No. 3 is a remarkable ex-
ample in which the earlier chipping dates not improbably from
Solutrean times.
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PLATE IX.

Scratched Neolithic Flints, Tcklingham District. 1.—Icklingliam, No. 3 scratch
ing. 2.— Mildenhall, chattering scratches, No. 4 type. 3.—Icklingliam, No. 3 type,
curved chattering scratch. 4.—Icklingliam, No. 4 scratching.
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PLATE X

Scratched Neolithic Flints, Ioklingham District. 1.—Ieklingham, No. 4 s.-ratcli-
mg, mainly parallel. 2.—North Stow, No. 3 scratching, deep, large, and irregular.
3.—Ieklingham, No. 3 type, with two chattering scratches. 4.—Ieklingham, No 4
scratching. 5.—Culford, No. 3 scratching, also hair-lines.
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I-ATK x r .

Striated Neolitliie Implement, No. 4 scratching, Sfinton, Norfolk. | .
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I'LATK XV.

Ovate Drift Implement with " toad-l'elly" patina,
showing the edge-chipping ivil.li white pdtiiiii frequently
seen in implements from Warren Hill. j (Outline
reinforced.)
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